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PEPTIDE KETOAMIDES, KETOACIDS, AND KETOESTERS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

5 This invention lelaies to a novel class of peptide kctoesteis, pcpddc kctoacids, and 

to oa n udes useful for selectively inhibiting serine proteases, selectively inhibiting cysteine 
proteases, generally inhibiting all serine proteases, and generally inhibiting all cysteine 
proteases. Serine proteases and cysteine proteases aie involved in numcmus disgag<> j^^^ 
inhibitors for these enzymes can be used therapeutically for the treatment of diseases involving 

10 serine proteases (X' cysteine proteases. We have discovered thafpq)tide Orketoestm, pq)tide 
a-ketoacids, and a-ketoamides can be constructed to inhibit selectively individual serine or 
cysteine proteases or groups of serine or cysteine proteases. We have found diat peptide 
ketoesters, ketoacids. and ketoamides which contain hydrophobic aromatic amino acid residues 
in the ?! site are potent inhibitors of chymascs and chymotrypsin-like enzymes. Ketoesters, 

15 acids, and amides containing small hydrophobic amino acid residues at die position are good 
inhibitors of elastases. Inhibitors of elastases and chymases are useful as anti-inflammatory 
agents. We have found diat peptide ketoesters, amides, and acids which contain cationic amino 
acid residues such as Arg and Lys in die Pj site are potent inhibitors of trypsin and blood 
coagulation enzymes. These inhibitors are tfius useful as anticoagulants. Cysteine proteases 

20 such as papain, catiiepsin B, and calpain I and n are also inhibited by ketoesters. Ketoesters, 
acids, and amides widi aromatic amino acid residues in the Pi site would be good inhibits for 
cariiepsin Band papain. Thus, tiiey would have utiliQr as anticancer agents. Ketoesters, 
keioacids, and ketoamides witii eitiier aromatic amino acid residues or small hydrophobic alkyl 
anuno acid residues at Pj are good inhibitors of calpain I and 11. Tliese inhibilws are useful as 

25 neuroproteciants and can be used as dierapeutics for die treatment of neuiodegeneration. 

2. Nomenclature 

In discussing die interactions of peptides widi serine and cysteine proteases, we have 
utilized die nomenclature of Schechter and Berger [Biochem. Biophys. Res. Commun. 27, 
157-162 (1967); incorporated herein by reference]. The individual amino acid residues of a 

30 substrate or inhibitor are designated Pj, P2, etc. and die corresponding subsites of die enzyme 
are designated Si, S2, etc. The scissUe bond oftiie substrate is Si-Si\ The primary substrate 
recognition site of serine proteases is S 1. The most important recognition subsites of cysteine 
proteases are S i and So. 

Amino acid residues and blocking groups are designated using standard abbreviations 

35 [sec L Biol. Chem. 260, 1442 (1985) for nomenclature rules: incorporated herein by 

reference]. An amino acid residue ( AA) in a peptide or inhibitor structure refers to die part 
strucnire -NH-CHRi-CO-, where Ri is die side chain of die amino acid residue AA. A peptide 
a-ketoester residue would be designated -AA-CO-OR which represents die part structure -NH- 
CHRi-CO-CO-OR. Thus, die ediyi ketoester derived from benzoyl alanine wouU be 



SUBSTITUTE SHEET 



wo 92/12140 



PCr/US91/09801 



-2- 

dffiignaty^ Bt. Afa-m-nPt ^hii^h rgpresents CgH5CQ.^-CHMe-CQ-CCM^L Uccwisct 
pq)tide ketoacid residues and pqitide ketoamide residues would be designated - AA-CO-OH and 
- AA-CO-NH-R respectively. Thus, the ethyl keto amide derived firom Z-Leu-Phe-OH would 
be designated Z-Leu-Phe-CONH-Et vrfiich represents C6H5CH20CO-NH-CH(CH2CHMe2)- 
5 C0-NH-CH(CH2Ph)-C0-C0-NH-Et 
3. DescripdoiKtf the Related Alt 

Serine Proteases. Serine protBases play critical itdes in several physiological processes 
such as digestion, blood coagulation, complement activation, fibrinolysis, viral infection, 
fertilization, and reproductioa Serine prcxeases are not only a physiological necessity, but also 

10 a potential hazard if tiiQT are not controlled. Uncontrolled proteolysis by elastases may cause 
pancreatitis, emphysema, rheumatoid arthritis, bronchial jnflammatioo and adult lespiratCKy 
disUBSS syndrome. It has been suggested diat a new trypsin-like cellular enzyme (tiypiase) is 
invohred in the infection of huihan immunodeficiency virus 9pe 1 [HEV-1; Hattori et aU FEBS 
Letters 248, pp. 48-52 (1989)], which is a causative agent of acquired immunodeficiency 

IS syndrome (AIDS). Flasmin is involved in tumor invasiveness, tissue remodeling, blistering, 
and clot dissociation. Accordingly, specific and selective inhibitors of tiiese proteases should 
be potent anticoagulants, anti-infiammtory agents, anti-tumor agents and anti-viral agents useful 
in the treatment of protease-reiaied diseases [Fbwets and Harper, Pniiiei/iase//iAibto 
152, Barrett and Salvesen, eds., Elsevier, (1986); incorporatfid herein by reference]. In vitro 

20 proteolysis by chymotrypsin, trypsin or the elastase fanuly is a serious problem in the 
production, purification, isolation, transport or storage of peptides and proteins. 

Elastase inhibitors are anti-inflammatory agents which can be used to treat elastase- 
associated inflammation including rheumatoid arthritis and etniAysema. AUboughdieruuurally 
occurring protease inhibitor, al-protease inhibitor (al-Ft) has been used to treat patients with 

25 emphysema, this protein inhibitor is not widely used clinically due to the high dosagerxeeded 
for treatment and die difiSculty of producing larige quantities. Therefore small molecular weight 
elastase inhibitors are needed for therapy. Other low molecular weight elastase inhibitors have 
utili^ for tile treatment of emphysema and inflammation (see: l-carpq)enem-3-carboxylic esters 
as anti-inflammatory agents, U.S, Patent 4,493,839; N-carboxyl-thienamycin esters and 

30 analogs diereof as anti-inflammatory agents, UJS. Patent 4«495,197; incorporated herein by 
reference)* 

Anticoagulants and antithrombotic drugs are used in a variety of thrombotic disorders. 
The 1990 Physician's Desk Reference lists several anticoagulant drugs (heparin, fmnamine 
sulfate and warfarin), a few antiplatelet drugs (aspirin) and several thrombolytic agents. 
35 Heparin and warfEuin are commonly used dinicalfy for prevention and neatment of venous 
thrombosis and pulmonary embolism. Heparin inhibits the blood coagulation activity by 
accelerating the binding of ruuural plasma protease inhibitor amitfarombin m with coagulation 
factors, and warfiarin acts as a vitamin K antagorust and inhibits the synthesis of coaguation 
factors. None of die anticoagulant drugs, antithrombotic drugs, fibrinolytic agents and 



SUBSTITUTE SHEET 



wo 92/12140 



PCr/US91/09801 



-3- 



10 



antiplatelet drugs are highly etfecd\e in aU clinical situations and many induce side leactions 
[Von KauUa, Burger's Medicinal Chemistry, Part 11, pp 1081-1 132, Wolff, ed., (1979); 
incorpocBted herein by reference]. Coagulation disorders such as disseminated intravascular 
coagulati o n, bteeding complications of medical and surgical ivocedures and bleeding 
conqdicadoas of systemic illness are still difficult to mariage [bgram. Btosovic and Slater. 
Bleeding Disorders, pp 1-413. BlackweU Sdeniific Publications. (1982); incotpotaied herein 
by refiaence]. In the treatment of padents with coagulation problems. antit^^,\„a 
antithrombodc a^us of diverse mechanisms are urgendy sought in order to piovide better 
medical care. Inhibitors for die ttypsin-Uke en^'mes involved in blood coagulation are useful 
anticoagulants in vtvo (see fbr example: H-D-Phe.Pn>.Arg-CH2Cl, Hanson and Barker. Proc. 
Mzf& Aouf. 5ci. 8S. 3184-3188 (1988): 7-Amino4^d)lorD-3-(3. 
isodiiurcidopropoxy)isocoumarin (ACmC), Oweida. Ku, Lumsden. g»wti, and Powers, 
Tkrombos. Res. 58, 191-197 (1990); incorporated herein by reference]. 

Cysteine Proteases. Cysteine proteases such as calpain use a cysteine residue in their 
15 catalytic mechanism in contrast to serine proteases which utilize a serine residue. Cysteine 
proteases indutte papain, cathepsin B. calpains, and several viral en^mes. Neural dssues. 
including brain, are known to possess a large varied of proteases, including at least two 
calcium stimulated proteases termed calpains. Olpains are present in many tissues in addition 
tothebraia Calpain I is activated lymicromolar concentrations of calcium while ca^jain His 
20 activated by millimolar concenuations. In tite brain, calpain n is dte predominant form, but 
calpain I is found at synaptic endings and is thought to be die form involved in long term 
potentiation, synaptic plasticity, and ceUdeatiL OdierCa2+ activated cysteine proteases may 
exist, and die term "calpain" is used to refer to aU Ca^-i- activated cysteine proteases, including 
calpain I and calpain H. TTie terms "calpain T and "calpain IT are used herein to refer to die 
25 micromolar and millimolar activated calpains. respectively, as described above. While calpains 
degrade a wide variety of protein substrates, cytoskelctal proteins seem to be particularly 
susceptible to attack. In some cases, the products of die proteolytic digestion of these proteins 
by calpain are distinctive and persistent over time. Since cytoskdetal proteins are major 

components of certain Qrpes of cells, tiris provides a simpfe mediod of detecting calpain activity 
30 in cells and tissues. Thus, calpain activation can be measured indirecdy by assaying die 
proteolysis of the cytoskeletal protein spectrin, which produces a large, distinctive and 
biologically persistent breakdown product when attacked by ca^ain [Siman. Baudry, and 
Lynch, Proc. Nad. Acad. Sci. USA 81. 3572-3576 (1984); incorporated herein by reference]. 
Activation ttf calpains and/waccumulationof breakdown products of cytoskeletal elements has 

35 been observed in neural tissues of mammals exposed to a wide varieQT of neurodegenerative 
diseases and conditions. Far exanqjle. diese phenomena have been observed foUowing 
ischemia in gerbUs and rats, foUowing stroke in humans, following administration of die toxins 
kainate. trimediyldn or colchicine in rats, and in human Alzheimer's disease. 
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Several inMbitois of calpain have been descnbed including peptide aldehydes such as 
Ac-Lcu-Leu-Nlc-H and leupepdn (Ac-Leu-Leu- Arg-H), as well as epoxysuccinates such as E- 
64. These compounds are not especially useful at inhibiting calpain in neural tissue in vivo 
because they aie poorly membrane penneam and, accoxdingly, are not likely to cross the blood 

5 brain baixier very wen. Also,nmy of these inhibitDrs have poor specificity and wiU inhibit a 
wide variety of proteases in addition to calpain. In addidon,othercIasses of compounds which 
inhibit cysteine proteases include pepdde diazomethyl ketone (Rich, D. K, in Protease 
Inhibitors, Banett A. J., and Salversen, G., Eds., Elsevier, New York, 1986, pp 153-178; 
incorporated herein by reference). F^;>ddediazomethyl ketones are potendally carcinogenic and 

10 are thought to be poorly membrane permeant and to have low spedfidQr. Tlius,noeffecdve 
therapy has yet been devdoped for most neurodegeneiadve diseases and condttiaas. Nfillions 

of indiv tt l v a^ S suffer frCTI* fteiimdftgenrratiw- diSf?^-^ there k a iigfid for therapies 

effective in treating and preventing these diseases and conditions. 

Cathepsin B is involved in muscular dystrophy, myocardial tissue damage, tumor 

15 metastasis, and bone resorption. In addition, a number of viral processing enzymes, which are 
essential for viral infection, are cysteine proteases. Inhibitors of cysteine proteases would have 
multiple therapeutic uses. 

Ketoesters. A few amino acid and pepdde ketoesters and ketoacids have been 
previously reported Comfordi and Comfisrth [/. Chm. Sac, 93-96 (1953); incorporated 

20 herein by reference] report the synthesis of the ketoacids Ph(3l2CX)-Gly-COOH and Ac-Gly- 
CO-OH upon hydrolysis of heterocyclic molecules. C3iarles ct al. [/. Chem. Soc. PeHdn /, 
I139-I146 (1980); incorporated herein by reference] use ketoesters for the synthesis of bicyclic 
hetcrocycles. They report the synthesis of n-BuCO-Ala-CO-OEt, FkOO- Ala-COOEt. 
cyctopenQrlGO-Ala-CO-QEt, PtGO-FhGly-CX>OEt and Bz-AIa-CX>OEt Hori et aL 

25 [Peptides: Structure and Function-Proceedings cfthe Ninth American Peptide Symposium 
(Deber, Hhiby, and Kopple, Eds.) Pierce Chemical CZo., pp 819-822 (1985); incorporated 
herein by reference] report Bz-Ala-COOEt, Bz-Ala-CO-OH, Z-Ala-Ala-Abu-COOEt, Z-Ala- 
Ala-Abu-COOBzl, and Z-Ala- Ala-Ala-Ala-COOEt (Abu = 2-aminobutanoic add or d- 
aminobu^ric acid) and report that these compounds inhibit elastase. Trainer \Trends Pharm. 

30 Sci. 8, 303-307 (1987); incorporated herein by reference] comments on one of this 

compounds- Burkharu J., Peet. N. P., and Bey, P. [Tetrahedron Lett. 29, 3433-3436 (1988); 
incorporated herein by reference] rqx>rt the syndiesis of Z-Val-Phe-CO-OMe and Bz-Phe-CX)- 
OMe. 

Mehdi et al. [Biochem. Biophys, Res, Comm. 166, 595-600 (1990); incorporated 
35 herein by reference] report the inhibidon of human neutrophil elastase and cathepsin G by 

peptide a-ketoesters. AngelastroetaL[/.Af^. CAem.33. 13-16 (1990); incorporated herein 
by refierence] report some a-ketoesters which are inhibitors of calpain and chymotrypsin. Hu 
and Abeles [Arch. Biochem. Biophys, 281, 271-274 (1990); incorporated herein by reference] 
report some peptidyl a-ketoamides and a-ketoacids which are inhibitors of cathepsin B and 
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papaia Pcct et ai. [/. Med. Chem. 33, 394^ (1990); incorporattd herein by xefetence] 
report some pcptidyl a-keiocstcrs which are inhibitors of porcine pancreatic elastase* hunum 
neutrophil elastase, and rat & human neutxq>h]l cathepsin G. 

Ketoatnides. A single peptide ketoainide is rq)ortBd in the Uteramre by Hu and Abeles 
[Arch. Biochem. Biopkys. 281, 271-274 (1990)]. This compound Z-Phe-NHCH2CO-00- 
NH-Et or Z-Rie-Gly-CO-NH-Et is reported to be an inhibitor of papain (Ki « 1.5 nM) and 
cathepsin B (Ki « 4 |iM). 

SUMMARY OF THE INVENTION 
We have discovered that peptide and amino add a-ketoester, a-ketoacid, and a- 
to oa m ide decivad ves are a novel group of inhibitors for serine proteases and cy steine 
proteases. IhhihitQrs are cQmpounds that mdtieg nt f i^tnmy thg patalytic activity of the 
enzyme. We have discovered that peptide and amino acid a-ketocster, a-ketoacid, and a- 
ketoamide derivatives, which have an amino acid sequence similar to that of good substrates for 
15 a particular protease, are good inhibitors for that protease. Thus, we are able to predict the 
stnictore of new inhibitors for other serine and cysteine proteases based on knowledge of their 
substrate specificities. 

We have discovered some peptide and amino acid Opketoester, a-ketoacid, and a- 
ketoamide derivatives which are specific inhibitas for trypsin, elastase, chymotiypsin, 
20 granzymes, and otiier serine proteases, and some of the daivatives which are general inhibitore 
for gRMips of serine proteases. Tiypsin and trypsin-like enzymes normally cleave peptide 
bonds in proteins and pqitides where the amino add residue on the cartwnyl side of the split 
bcHid (Pi residue) is Lys or Arg. P^de and amino add a-ketoester, a-ketoacid, and Op 
ketoamidc derivatives which have Lys or Arg at Pj are dius good inhibitors for these enzymes. 
25 Elastase and dastase-like enzymes cleave peptide bonds vi*ere the Pi amino acid is Ala, Val 
Ser, Leu and othtt* similar amino adds. Inhibitors with tfiese residues at P| are good elastase 
inhibitors. Chymotrypsin and chymonypsin-like enzymes hydrolyze peptide bonds where Pi 
amino add is Trp, Tyr, Phe, Met, Leu or other amino acid residues w*ich contain aromatic or 
large alkyl side chains, hhibitore with these residues at P, are good chymotrypsin and 
chymase inhibitors. All of the above enzymes have extensive secondary specifidty and 
recognize amino acid residues removed from the Pi residue. 

The new protease inhibitors, especially tfie elastase inhibitOTs. trypsin inhibitor, and 
chymase inhibitors are useful for controlling tissue damage and various inflammatory 
COTditions mediated by proteases such as blistering. The inhibitors for blood coagulation 
enzymes are useful anticoagulants and could be used to treat thrombosis. 

The peptide and amino acid a-ketoester, a-ketoacid, and a-ketoamide derivatives are 
also useful in vitro for inhibiting trypsin, elastase, chymotrypsin and other serine proteases of 
similar specificity, and for inhibiting serine proteases in general. The inhibitors can be used to 
identify new proteolytic enzymes encountered m research. They can also be used in research 



30 



35 
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and industrially to prevent undesired proteolysis that occurs during the production, isolation, 
purification, transport and storage of valuable peptides and proteins. Such proteolysis often 
destroys or alters the activity and/or function of tiie peptides and proteins. Uses would include 
the addition of die inhibitors to antibodies, enzymes, plasma protrins, tissue extracts or odier 

5 proteins and peptides which are wideljr sold for use in clinical analyses, biomedical research, 
and for many otiier reasons. For some uses a specific inhibitor would be desirable, while in 
other cases, an inhibitor with general specificity would be preferred. 

The peptide and amino acid a-ketoester, a-kctoacid, and a-ketoamide derivatives are 
also novel and potent inhibitors of cysteine proteases including calpains, cadwpsin B, and 

10 papain. The caipain inhibitors are uscfidfetreamient of various ncun)degenerativedise^ 
and conditions, including ischenua, stroke, and Alzheimer's disease. 

DETAILED DESCRIPTION OF TEE INVENTION 
Peptide a-^etoesters, peptide a-ketoacids, and peptide a4cetoamides are transition state 

15 analog inhibitors for serine proteases and cysteine proteases. Peptide ketoesters containing 
hydrophobic amino acid residues in die ?i site have been found to be excellent inhibitors of 
several serine proteases including human leukocyte elastase, porcine pancrea 
leukocyte cathepsin G, and bovine chymotrypsin. Peptide ketoesters containing amino add 
residue with cationie side chain in the P i site have been found to be excellent inhibitors of 

20 several serme proteases including bovine trypsin, bovine thrombin, human plasma kallikrein, 
porcine pancreatic kallikrein, human factor XIa and human plasmin. Peptide ketoesters 
containing amino acid residues witii hydrophobic side chain at die Pi site have also been found 
to be excellent inhibitors of several cysteine proteases including papain, cadiepsin B and 
calpain. These structures mqr be used in vivo to treat diseases such as emphysema, adult 

25 respiratory distress syndrome, rheumatoid arthritis and pancreatitis which result from 

uncontrolled proteolysis by elastase, chymotiypsin, trypsin and related serine proteases. Tliese 
inhibitors may be used in vitro to prevent proteolysis which occurs in die process of 
production, isolation, purification, storage or transport of peptides and proteins. These 
uxiubitors may be useful as therapeutic agents for treatment of neurodegeneration, viral 

30 infections, muscular dystrophy, myocardial tissue damage, tumor metastasis, and bone 
resorption. 

The novel class of peptide a-ketoamides have the following structural formula: 
Mi-AA-NH<3m2-CO-CO-NR3R4 
or a pharmaceutically acceptable salt wherein 
35 Ml represents H, NH2-CO-, NH2-CS., NH2-SO2-. X-NH^O-, X2N^0., 

X-NH-CS-, X2N^S-, X-NH-SO2-. X2N-SO2-, X-CO-, X-CS-, X-SO2-, X-0-CO-, or X- 
0-CS-; 

X is selected from die group consisting of Ci-io alkyi, Ci-io fluoroalkyl, Ci-io alkyl 
substittited witii J, Ci-io fluoroalkyl substituted widi J, 1-admantyl, Q-fluorenyl, phenyl. 
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phenyl substituted with K. phenyl disubstituted with K, phenyl tiisubstitutBd with K, naphthyl, 
naphthyl substituted with K. naphthyl disubstituted with K, naphthyl trisubstimted with K, 
Cl-iO ailqfl with an attached phenyl group. Ci-io alkyl with two attached phenyl groups. Ci- 
10 aUgrl with an attached iriienyl gzoup substituted widi K, C}. lO aJkyl with two attached 
5 phenyl groups substituted witfi K, Ci. lo aDcyl with an attached phenoxy gioup, and Ci. lo 
alkyl with an attached phenoxy group substituted with K on die phenoxy group: 

J is selected from die group consisting of halogen. COOH, OH, CN, NO2, NH2, Ci- 
10 alkoxy, Cmo alkylamine, C2.12 diaDcylamine. Ci-io alkyl-O-CO-, Cm© al^l-O-CO- 
NH-.andCi.ioaUqrl-S-; 

10 K is seleaed from the group consisting of halogen. Ci.io aDcyl, Ci.iope^^ 

Ci.io alkoxy. NO2. CN. OH, CO2H. amino, Chq alkybunino, C2.12 diaUqriainino, Ci- 
Cio acyl, and Ci.io alkoxy-CO-. and Ci. 10 alkyl-S-; 

AA is a side chain blocked or unblocked amino acid witfi the L configuration. D 
configuiation, or no chiialiQr at the a-carbon selected ftom die group consisting of alanine, 

15 valine, leucine, isoleucine,pr(dine,mediwnine. methionine sulfoxide, phenylalani^ 

oyptofdian. glycine, serine, dseonine, cysteine, Qfiosine, asparagine, glutamine, aspartic acid, 
glutamic acid, lysine, arginine. histidine, phenylglycine. beta-alanine, norleucine, norvaline. 
alpha-aminobuiyric acid, epsilon-aminoa^roic acid, citrulline, Itydroxyproline, ornithine, 
homoarginine, saicosine, tndoline 2-carboxylic acid. Z-azetidinecarboxylic acid, pipecolinic 

20 acid a-pipcridine carboxyUc acid). O-methylserine, O-ethylserine. S-mediylcysteine, S- 
ediylcysteine. S-benzylcysieine, NH2-CH(CH2CHEt2)-COOH, alpha-aminoheptanoic acid, 
NH2-CH(CH2-l-napdiyl)-COOH. NH2-CH(CH2-2-napdiyl)-COOH, NH2-CH(CH2- 
cyclohexyl)<XX)H, NH2-ai(CH2-cyclopcntyl)-COOH. NH2-CH(CH2-cyclobutyl)-COOH, 
NH2-CH(CH2-cyclopropyl)-COOH, ttifluoroleucine, and hexafluoroleucine; 

25 R2 is selected from die group consisting of Ci.g branched and unbranched alkyl, Ci.g 

branched and unbranched cyclired alkyl. and C1.8 branched and unbranched fluoroalkyl; 

R3 and R4 are selected independendy from die group consisdng of H, C1.20 allqri, Ci. 
20 cycliaed alkyU C 1.20 alkyl witfi a phenyl group attached to die Ci .20 alkyl, C 1 .20 cycBzed 
alkyl widi an attached phenyl group. C1.20 alkyl widi an attached phenyl gioup substituted 

39 widi K, C1.20 alkyl widi an attached phenyl group disubstimted widi K. C1.20 alkyl widi an 
attached phenyl group trisubstimted widi K, C 1 .20 cyclized alkyl widi an attached phenyl 
group subsdniled widi K, Ci.io alkyl widi a morpholine (-N(CH2CH2)01 ring attached 
dirough nitrogen to die alkyl, Cj.io alkyl widi a piperidine ring attached dirough nitrogen to 
die alkyl, Cj. 10 alkyl widi a pyrrolidine ring attached duough nitrogen to die alkyl, C1.20 

35 alkyl widi an OH group attached to die alkyl -CH2CH2OCH2CH2OH. C^iq widi an attached 
4-pyridyl group, Ci.io widi an attached 3-pyridyl group, Cj.iq widi an attached 2-pyridyl 
group. Ci.io widi an attached cyclohexyl group, -NH.CH2CH2-(4.hydroxyphenyl), and - 
NH-CH2CH2-(3-indolyl). 

The novel class of peptide a-ketoamides also have die foUowing stntcairal fbnoula; 
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M1-AA2-AA1-CO-NR3R4 
or a phannaceutically accq)table salt, wherein 

Ml represents a NH2-CO-, NH2-CS-, NH2-SO2-, X-NH-CO-, X2N-CO., 
X-NH-CS-, X2N-CS-, X-NH-SO2-. X2N-SO2-, X-CO-, X.CS-. X-SO2-, X-O-CO-. or X- 
5 OCS-; 

X is selected fitom the group consisting of Ci-io alkyl Ci-io fluoioallgrl Ci.io alkyl 
subsiimtcd with J, Cmo fluoroalkyl substituted with J, l-admantyl, 9-fluorenyl, phenyl, 
phenyl substituted with K, phenyl disubsdtuted with K, phenyl trisubsdmted with K, naphthyU 
naphthyl substituted with K, naphthyl disubstituted with K, naphthyl tnsubstituted with K« 

10 Cmo alkyl widi an attached phenyl group, Ci-io alkyl with two attached phenyl groups, Ci. 
1 0 alkyl widi an attached phenyl groiq> substituted widi K, C i- 10 alkyl with two attached 
phenyl groups substituted with K, Ci-io alkyl with an attached phenoxy group, and Ci-io 
aiVyi with an attached phenoxy group substituted with K on the phenoxy group; 

J is selected from the group consisting of halogen, COOH, OH, CN, NO2, NH2, Ci- 

15 10 alkoxy, Ci-io alkylaminc, C2-12 dialkylaminc, Cuo alkyl-O-CO-, Ci-io alkyl-0-CX>- 
NH-, andCi.io alkyl-Ss 

K is selected from die group consisting of halogen, Ci.io alkyl, Ci-io petfluoroallgrl, 
Ci-10 alkoxy, NO2, CN, OH, CO2H. amino, Ci.io alkylamino, C2.12 dialkylamino, Ci- 
Cio ayl. and Ci.io alkoxy-CO-, and Cj.io alkyl-S-; 

20 AA^ is a side chain bkxdced or unblocked anuno acid with the L configuration, D 

configuration, or no chirality at the a-carbon selected firom the group consisting of alanine, 
valine, leucine, isoleucine, proline, methionine, methionine sulfoxide, phenylalanine, 
tryptophan, serine, threonine, cysteine, Qrosine, asparagine, glutamine, aspartic acid, glutamic 
acid, lysine, axginine, histidine, phenylglydne, beta-alanme, norleucine, norvaline, alpha- 

25 aminobutyric acid, epsilon-aminocaproic acid, dtxuUine, hydroxyproline, ornithine, 

homoarginine, sarcosine, indoline 2-carboxylic acid, 2-azetidinecarboxylic acid, pipecolinic 
acid (2-piperidine cari>oxyIic acid), 0-methylserine, O-ethylserine, S-methylcysteine, S- 
ethylcystdne. S-ben^lcysteine, NH2*CH(CH2CHEt2)-COOH, alpha-anunoheptanoic acid, 
NH2-CH(CH2-l-naptfiyl)-COOH, NH2-CH(CH2-2-napdiyl)-COOH, NH2-CH(CH2- 

30 cyclohexyl)-COOH, NH2-GH(CH2-cyclopentyl)-COOH, NH2-CH(CH2-cyclobutyl)-COOK 
NH2-CHfCH2-cyclopropyl)-COOH, trifluoroleucine, and hexafluoroleudne; 

AA2 is a side chain bbcked or unblocked amino acid with the L configuration, D 
configuration, or no chirality at the a-carbon selected from the group consisting of alanine, 
valine, leucine, isoleucine, proline, methionine, methionine sulfoxide, phenylalanine, 

35 oyptophan, glycine* serine, threonine, cysteine, tyrosine, asparagine, glutamine, aspartic add, 
glutamic acid, lysine, arginine, histidine, phei^lglycine, beta-alanine, norieudne, norvaline, 
alpha-aminobutyric acid, epsilon-aminocaproic acid, dtrulline, hydroxyproline, ornithine, 
homoarginine, sarcosine, indoline 2-carboxylic acid, 2-azctidinecarboxylic add, pipecolinic 
acid (2-piperidine carboxylic acid), O-methylserine. O-etiiylserine, S-mediylcysteine, S- 
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ethylcysteme, S-benzyteysteine, NH2-CH(CH2CHEt2hCOOH. alpha-aminoheptanoic acid, 
NH2-CH(CH2-l-napthyl)-CCX)H. NH2-CH(CH2-2-napthyl)-CCX)H, NH2-ai(aj2- 
cyclohexylKOOH, NH2-CH(CH2-cyclopentylK:OOH. NH2-CH(CH2-cyclobutyl)-CCX)H. 
NH2-CH(CH2-cyclopropylK:CX)H. triffaioioleuciiie, and hexafluoroleucine; 

R3 and R4 are selected independently from the group consisting of a C1.20 Cj. 
20 cyclized aikyi, C1.20 alkyl with aphenyl group attached to the C1.20 »SkyU C1.20 cyclized 
alkyl with an attached phenyl group, C1.20 alkyl with an attached phenyl group substimted 
with K, C1.20 alkyl with an attached pheiqrl group disubstituted with K, C1.20 with an 
attached phenyl group Disubstituted with K, Ci.20 cyclized alkyl with an attached phenyl 
group substimted with K, Ci.io alkyl with a morpholine (-N(CH2CH2)0] ring attached 

though nitrogen to the alkyl, Ci.io alkyl with a pipcridine ling attached through nitt^ 
the alkyl. C 1. 10 alkyl with a pyrrolidine ring attached through nitrogen to the aDcyl, C1.20 
alkyl with an OH group attached to the alkyl, -CH2CH2OCH2CH2OH, Cmq with an 'adaehed 
4-pyridyl group, Ci.io with an attached 3-pyridyl group, C^o with an attached 2.pyridyl 
group, Clio with an attached cyclohexyl group. -NH^2CH2-(4-hydroxyphenyl). and - 
NH-CH2CH2-(3-inddyl). 

The novel class of peptide a-ketoamides also have die following stnictuial fonnula: 
Mi-AA-AA-AA-00-NR3R4 
or a phannaceutically acceptable salt, wtoein 

Ml represents H. NH2-CO-, NH2-CS-. NH2-SO2-. X-NH-CO-. X2N-Ca. 
X-NH-CS-, X2N.CS., X-NH-SO2-. X2N.SO2-. X-CO-. X-CS-. X.SO2.. X^CO- or X- 
0-CS-; 

X is selected from the group consisting of Cmq alkyl. Cmq fluoroalkyl, Clio alkyl 
substimted with J, Ci-10 fluoroalkyl substimted with J, 1-admantyl. 9.fluoiwiyl. phenyl, 
phenyl substimted widi K, phenyl disubstimted with K. phenyl tiisubstimted witii K, naphthyl. 
naphthyl substimted widi K. naphtiiyl disubstimted wiUi K, naphthyl tiisubstimted with K, 
Ci-io alkyl widi an attached phenyl group. Cmq alkyl with two attached phenyl groups. Ci- 
10 alkyl widi an attached phenyl group substimted with K, Cmq alkyl with two attached 
phenyl groups substimted with K. Ci-io alkyl widi an attached phenoxy group, and Cmq 
30 alkyl with an attached phenoxy group substimted widi K on die phenoxy group; 

J is selected from the group consisting of halogen, COOH. OH, CN. NO2. NH2. Ci. 
10 alkoxy. Ci- 10 aikylamine, €2-12 dialkylamine, Cmo alkylO-CO-. Cmo alkjrl-aco- 
NH-, and Clio alkyl-S-; 

K is selected from die group consisting of halogen. Clio alkyl. Cliq perfluoroalkvl 
Clio alkoxy. NO2, CN. OH. CO2H, amina Cliq alkylamino, C2.12 dialkylamino, Ci-' 
Cio acyl, and Clio alkoxy-CO-, and Clio alkyl-S-: 

A A is a side chain blocked or unblocked amino acid with die L configuration, D 
configuration, or no chiiality at die a-carbon selected from the group consisting of alanine, 
valine, leucine, isoleucine. proline, methionine, mediionine sulfoxide, phenylalanine. 
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tryptophan, glycine, senne. threonine, cysteine, tyrosine, asparagine, glutamine, aspartic acid 
glutamic acid, lysine, arginine, histidine, phenylglycine, beta-alanine, norieucine, norvaline, 
alpha-aminobutyiic acid, epsilon-aminocapioic acid, citruiline, hydioxyproline, omithine* 
homoaiginine, saicosine» inddine 2-cartxnyiic acid, 2-azetidinecarboxylic acid* pipecdinic 

5 acid (2-piperidise carboxylic acid)» O-methylsexine, O-ethylserine, S-nsethylcysteine, S- 
ediylcystdne, S-benzylcysteine, NH2-CH(CH2CHEt2)-COOH, alpha-aminoheptanoic acid, 
NH2-CH(CH2-l-napthyl)-COOH, NH2-CH(CH2-2-napthyl)-COOH, NH2-CH(CH2- 
cyclohexylKXXJH, NH2-CH(CH2-cyclopcntyl)-COOH, NH2-CH(CH2-cycIobutyl>COOH. 
NH2-CH(CH2-cycioiHopylK:CX)H, trifluoroleucinc, and hexafluoiolcucine; 

10 R3 and R4 aie selected independently from the group consisting of H, C1.20 alkyU Cx. 

20 cyclized alkyU C1.20 alkyl with a phenyl groi^ attached to the Ci^jQ Z^U ^1-20 cycUzed 
alkyl with an attachfid phenyl groups C1.20 aO^^ ^n attached phenyl group substitaied 
with K, C1.20 81^1 ^ attached phenyl group disubstituted with K, Ci,20 2m 
attached phenyl group tcisubstinited with K, C1.20 cyclized alkyl with an attached phenyl 

IS group substituted with K, C^.^q ^th a moipholine [-N(CH2CH2)0] ring attached 
through nitrogen to the alkyl, Ci.iq alkyl with a piperidine ring attached through nitrogen to 
the alkyU Ci.iq ^ pynolidine ring attached through nitn^en to die allQrl, C1.20 

aUyl with an OH group attached to the alkyl, -CH2CH:20CH2CH20Ii Ci. 10 with an attached 
4-pyridyl group, Ci.iq ^ attached 3-pyridyl group, Cx-xq with an attached 2-pyridyl 

20 group, C x.io with an attached cyclohexyl group, -NH-CH2CH2-(4-hydroxyphenyl), and - 
NH-CH2CH2-(3-indolyl). 

The novel class of peptide a-ketoamides also have the following structural formula: 
Mi-AA-AA-^-AA-CO-NR3R4 
or.a pharmaceutically acceptable salt, wherein 

25 Mx represents a NH2-CO-, NH2-CS-, NH2-SO2-. X-NH-CO-, X2N-CO-, 

X-NH-CS-, X2N-CS-, X-NH-SO2-, X2N-SO2-. X-CO-, X-CS-, X.SO2-, X-0-CO-, or X- 
0-CS-; 

X is selected from the group consisting of Ci-XQ alIc/1, Cx-iQ flumalkyl, Cx-iQ alkyl 
substituted with J, Cx.iQ fluoroalkyl substituted with J, 1-admanQfl, 9-fIuorenyl, phenyl, 

30 phenyl substituted with K, phenyl disubstituted with K, phenyl trisubstituted widi K, naphthyl, 
naphthyl substituted with K, naphthyl disubstituted with K, naphthyl trisubstituted with K, 
Cx-lO alkyl with an attached phenyl group, Cx-lO ^th two attached phenyl groups, Cx. 
XO alkyl with an attached phenyl group substituted with K, Cx. IQ alkyl with two attached 
phenyl groups substituted with K, Cx.lO alkyl with an attached phenoxy group, and Ci-xO 

35 alkyl with an attached phenoxy groiq> substimted widi K on the phenoxy group: 

J is selected from the group consisting of halogen, COOH, OH, CN, NO2, NH2, Ci. 
XO alkoxy, Cx.iO alkylamine, C2.12 dialkylamine, Cx.XQ alkyl-0-CO% Cx-lO allqrl.O-CO- 
NH-, and Cx.XQ alkyl-S-: 
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K IS selected finom the group consisting of halogen. Cmq alkyl. Ci.ioperfluoroalkyl. 
Ci.io alkoxy, NO2. CN. OH. CO2H. amino. Cj.io alkylamino. €3.12 dialkylamino. C,- 
Cio acyl, and Ci.jq allcoxy-CO-, and Ci.iq alkyl-S-; 

AA is a side chain blocked or unblocked amino acid with die L configuration, D 
configuration, or no chiiality at the a-carbon sdecied fiom the group consisting of alanine, 
valine, leucine, isoleucine, proline, methionine, methionine sulfoxide, phenylalanine, 
tryptophan, glycine, serine, threonine, cysteine, tyrosine, asparagine. glutamine. asp^ add. 
glutamic acid, lysine, arginine. histidine, phenylglycine. beta-alanine. norieucine. norvaline. 
alpha-aminobu^ add. epsilon-aminocapioic acid, dtrumne.hydioxyproline.o^ ' 
homoarginine, saicosine, indoline 2-carboxylic add. l-azetidinecarboxylic add, pipecolii^ 
add (2-piperidine caiboxylic acid). 0-methyiscrine. O^thyherine, S-metiiylcysteinc S- 
cthylcystdnc. S-benzylcysteine. NH2-CH(CH2CHEt2HX)OH. alphMininohepianoic add. 
NH2-CH(CH2-l-napthylK:00H, NH2-CH(CH2-2-napthylH:OOa NH2-CH(CH2- 
cyclohexyD-COOH, NH2-CH(CH2KyclopentylK:OOH. NH2-CH(CH2-cyclobutylHXX3H, 
NH2-CH(CH2-cyclopR)pyl)-COOH, ttifluoroleudne, and hexafluoioleucine; 

R3 andR4 are selected independendy ftom the group consisting of H. Ci 20 alkyl Ci 

20 cyclized alkyl C1.20 alkyl wiAaphenyl group attached to theCi.20 alkyl, ci 20 cy^^^ 
alkyl with an attached phenyl group. C1.20 alkyl with an atiadied phenyl group substituted 
wth K. C1.20 aikyl widi an attached phenyl group disubstimted with K. Ci 20 alkyl widl an 
attadicd phenyl group trisubstituted with K. C1.20 cyclized alkyl with an attached phenyl 
group substituted with K. C^o alkyl with a moipholine [-N(CH2C3i,)0] ring attached 
through dtrogen to dmalkylCMoalkylwithapiperidine ling atiadii 
the alkyl, C 1. 10 alkyl witf. a pyrrolidine ling attadied through nitrogen to the al^^ 
^l^*»OHgroupattachedtothealkyU.CH2CH20CT2CH20H.C,.iowid.«,«ta^ 
-5 4-pyndyl group, Cliq widi an attadied S-pyiidyl group, Cmq widi an attached 2-pyridyl 
group. Ci.io widl an attadied cyclohexyl group, -NH-CH2CH2-(4-hydroxyphenyl). and - 
NBtCH2CH2-(3-indolyl). 

The novel dass of peptide Orketoamides also have die fbltowing stnicoiral formula: 
M1-AA-CO-NR3R4 
30 or a pharmaceutically acceptable salt, wherein 

Ml represents H. NH2-CO-. NH2-CS-, NH2-SO2-. X-NH-CO-. X^N-CO- 
X-NH^, X2N-CS-. X-NH-SO2.. X2N-SO2-. X-CO-. X-CS-. X-SO2-. X W, or X- 

X is selected ftom the group consisting of Cmq alkyl, Ci-io Ouoioalkyl, Cmq alkyl 
substimted wid, J. Cmq Ouoroalkyl substituted with J. 1-admantyU 9-fluorenvl, phenyl 
phenyl substituted widi K. phenyl disubstituted wid, K. phenyl trisubstituted wid, K, naphdivl 
naphthyl substinitcd widi K, naphdiyl disubstimted wid, K, naphdiyl trisubstituted wid, K " 
Cmo alkyl widl an attadied phenyl group, Cmq alkyl widi two attached phenyl groups, Ci 
10 alkyl widl an attached phenyl gioup substituted widi K, Cmq alkyl wid, two attached* 
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phenyl groups substituted with K, Ci.io alkyl with an attached phenoxy group, and Ci-io 
alkyl with an attached phenoxy group substituted with K on the phenoxy group; 

J is selected from the group consisting of halogen, COOH, OH, CN, NO2, NH2, Ci- 
10 alkoxy, Cmo alkylaminc, C2-12 diall^laminc. Cmo alkyl-O-CO-, Ci-io alkyl-OCO- 
5 and C i_ 10 alkyl-S-; 

K is selected from the group consisting of halogen, Ci.iq alkyl, Ci.iQperfluoroalkyl, 
Ci^io alkoxy, NO2, CN, OH, CP2H, amino. Cuo alkylamino, C2.12 dialkylamino, Ci- 
Cio acyU and Chq alkoxy-CO-, and C1.10 alkyl-S-; 

AA is a side chain blocked or unblocked amiiu) acid with the L ccHifiguration, D 
10 conflguradcm, or no chiiality at the a-carbon selected from the group consisting of alanine, 
valine, leucine, isoleucine, proline, methionine, methionine sulfoxide, phenylalanine, 
tryptophan, glycme, serine, threonine, cysteine, ^losine, asparagine, glutamine, aspanic add, 
giiifatnig acid, lysine, aiginine, faistidine, phei^lglycine, beta-alanine, norleudne, norvaline, 
alpha-aminobtttyric acid, epsiton-aminocaproic add, citruUine, hydtoxyproline, oraxdiine, 
IS homoarginine, sarcosine, indoline 2-carboxylic acid, 2-azetidinecarboxylic add, pipecolinic 
acid (2-piperidine caiboxylic acid), O-methylserine, O-ethyiserine, S-methylcysteine, S- 
ethylcysteine, S-benzyicysteine, NH2-CH(CH2CHEt2>COOH, alpha-aminoheptanoic acid, 
NH2-CH(CH2-l-napthyl)-COOH, NH2-CH(CH2-2-napthylKOOH. NH2-CH(CH2- 
cydohexyD-COOH. NH2-CH(CH2-cydopentylKOOH, NH2-CH(CH2-cyclobutyl)-COOH, 
20 NH2-CH(CH2-cyclopr6pyl)-COOH, trifluoroleudne, and hexafluotoleudne; 

R3 and R4 arc selected independently from the group consisting of H, C|.2o alkyl, C}. 
20 cyclized alkyl, C 1.2O ^ phenyl group attached to the C[.20 C 1.20 cychzed 

alkyl with an attached phenyl group, C 1.20 ^n attached phenyl group substimted 

widi K, C1.20 alkyl with an attached phenyl group disubstituted with K, C1.20 alkyl widi an 
25 attadied phmyl group tzisubstimted with K, C 1.20 cyclized all^l with an attached phenyl 
group substituted with K, C^.io alkyl with a morpholine [-N(CH2CH2X)] ring attached 
through nitrogen to the alkyl, Ci.io alkyl with a piperidine ring attached through nitrogen to 
the alkyl, C 1. 10 alkyl with a pyrrolidine ring attached through nitrogen to the alkyl, C 1.20 
alkyl with an OH group attached to the alkyl, -CH2CH2OCH2CH2OH, C [q with an attached 
30 4-pyridyl group, C^.^o with an attacned 3-pyridyl group, Ci.io with an attached 2-pyricfyl 
group, C 1-10 wiA an attached cyctobexyl group, •NH-CH2CH2-(4-hydroxyphenyl), and • 
NH-CH2CH2-(3-indolyI)- 

The novel class of pepdde a-ketoacids have die foUowix^ structural fistmula: 
Mi-AA-NH-CHR2-CO^OOH 
35 or a phannaceudcally acceptable salt, wherein 

Ml represents H, NH2-CO-, NH2-CS-, NH2-SO2-, X-NH-CO-, X2N-CO-. 
X-NH-CS-, X2N-CS-, X-NH-SO2-, X2N-SO2-. X-CO-, X-CS-, X-SO2-. X-O-CO-, or X- 
O-CS-; 
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X is selected from the group consisting of Ci- to alkyl, C {. lo fluoxoalkyl, C i. iq alkyl 
substituteci with J, Ci-io fluoroalkyl substituted with J, l-admantyl, 9-nuorenyl, phenyl, 
phenyl substituted with K, phenyl disubstituted with K, phenyl tiisubstituted with K, naphthyl, 
naphthyl substituted with K, naphthyl disubstituted with K, naphthyl trisubstituted with K. 

S Ci-io ^1 with an attached phenyl group, Ci-io attyl widi two attached phenyl groups, Ci- 
10 alkyl widi an attached phenyl groiq) substituted with K, Ci-io alkyl with two attached 
phenyl groups substituted with K, Ci-io alkyl with an attached phenoxy group, and Ci-io 
alkyl with an attached phenoxy group substituted with K on the phenoxy group; 

J is selected from the group consisting of halogen, COOH, OH, CN, NO2, NH2, Ci- 

10 10 alkoxy, Cmq aUcylamine, C2.12 dialkylamine, Ci.io aIkyl-0-CO-, Ci.io alkyl-O-CO- 
NH-, and Ci.io alkyl-S-; 

K is selected from the group consisting of halogen, C^.^q ^1-10 peifluoroalkyl, 
Ci.io alkoxy, NO2, CN, OH, CO2H, amino, Ci. 10 alkylamino, C2-12 dialkylamino, Cj- 
Cio acyl, and Ci.io alkoxy-CO-, and Ci.io alkyl-S-; 

IS AA is a side chain blocked or unblocked amino acid with the L configuration, D 

configuration, or no chirali^ at the a-<arbon selected from the group consisting of alanine, 
valine, leucine, isoleucine, proline, methionine, methionine sulfoxide, phenylalanine, 
tryptophan, glycine, serine, threonine, cysteine, tyrosine, asparagine, glutamine, aspartic acid, 
glutamic acid, lysine, arginine, histidine, phenylglycine, beta-aianine, norieucine, norvaline, 

20 alpha-aminobutyric acid, epsilon-aminocaproic acid, cimilline, hydroxyproline, ornithine, 
homoarginine, sarcosine, indoline 2-carboxylic acid, 2-azeddinecarboxylic acid, pipecolinic 
acid (2-piperidine carboxylic acidX O-mediylserine, 0-ethylserine, S-methylcysteine, S- 
ethylcysteine, S-benzyl^teine, NH2-CH(CH2CHEt2)-C00H, alpha-aminoheptanoic add, 
NH2-CH(CH2-Unapthyl)-COOH, NH2-CH(CH2-2-napdiyl)-COOH, NH2-CH(CH2- 

25 cyclohexyl)-COOH, NH2-CH(CH2-cyclopentyl)-COOH, NH2-CH(CH2-cyclobutyl)-COOH, 
NH2-CH(CH2-cyclopropyl)-COOH. trifluoroleucine, and hexafluoroleucine; 

R2 represents C^.g branched and unbranched alkyl, C i .g branched and unbranched 
cydized alkyl, or C|.g branched and unbranched fluoroalkyl; 

The novel class of peptide ct-ketoacids also have the f(dk>wing structural formula: 

30 Mi-AA2-AAi-CaOH 

or a pharmaceuQcally acceptable salt, wherein 

Ml represents H, NH2-CO-. NH2-CS% NH2-SO2-, X-NH-CO-, X2N-CO-, 
X-NH-CS", X2N.CS-, X.NH-SO2-, X2N-SO2-, X-CO-. X-CS., X-SO2-, X-O-CO-, or X- 
OCS-; 

35 X is selected from the group consisting of Cmq alkyl, Ci-io fluoroalkyl, C mq alkyl 

substimted with J, Cmq fluoroalkyl subsrimted with J. 1-admantyl, 9-fluorenyl, phenyl, 
phenyl substituted with K, phenyl disubstituted with K, phenyl trisubstimted with K, naphthyl, 
naphthyl substituted with K, naphthyl disubstimted with K, naphthyl trisubstituted with K, 
Ci-io alkyl with an attached phenyl group, Ci-io alkyl with two attached phenyl groups, Ci. 
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10 alkyl with an attached phenyl group substituted widi K, and C i.io alkyl with two attached 
phenyl groups substituted widi K, Ci-io all^l widi an attached phenoxy group, and Ci.io 
alkyl with an attached phenoxy group substituted with K on the phenoxy group; 

J is selected firom the group consisting of halogen, COOIi OH, CN, NO2, NH2, 
5 10 alkoxy, Ci-iq alkylaminc, 02-12 dialkylamine, Cmq alkyl-O-CO-, Cmo alkyl-O-CO- 
NH-, and Ci-io alkyl-Ss 

K is selected firom the group consisting of halogen, Ci.^o ^1-10 peifluoioaU^l, 
Ci.io alkoxy, NO2, CN, OH, CO2K amino. Ci.io allqflamino, C2.12 dialkylamino. Cj- 
Cio acyl, and Cuo alko;^-CO-, and Cuo allqrl-Ss 

10 AAx is a side chain blocked or unblocked amino acid with the Lconfiguiatioa, D 

configuradcm, or no chiiality at the a*carbon selected fiom the group consisting of alanine, 
valine, leucine, isoleucine, proline, methionine, methionine sulfoxide, phenylalanine, 
tryptophan, serine, threonine, cysteine, Qrosine, asparagine, glutamine, aspartic acid, glutamic 
acid, lysine, arginine, hisddine, phenylglycine, beta-alanine, norieucine, norvaline, alpha* 

15 aminobutyric acid, qysilon-aminocaproic add, dtrulline, hydroxyproline, ornithine, 

homoarginine, sarcosine, indoline 2-carbox^ic acid, 2-azetidinecaiboxylic acid, ppecolinic 
acid (2-piperidine caiboxylic add), O-mediylserine, 0-ediylserine, S-mediylcysteine, S* 
ediylcysteine, S-benzylcysteine, NH2-CH(CH2CHEt2)-C00H, alpha-aminoheptanoic add, 
NH2-C3I(CH2-l-napthylKOOH, NH2-CH(CH2-2-napthyl)-COOH, NH2-CH(CH2- 

20 cyclohexylKOOH, NH2-CH(CH2-cyclopentylKOOH, NH2-CH(CH2-cyclobutylK:OOH. 
NH2-CH(CH2-cyclopropyl)-COOH, trifluorolcucine, andhexafluorolcucinc: 

AA2 is a side chain blocked or unblocked amino acid with the L configuration, D 
configuration, or no chiiality at the a-carbon selected fiom the group consisting of alanine, 
valine, leucine, isoleucine, prdtne, methionine, mediionine sulfoxide, phenylalanine, 

25 tryptophan, glycine, serine, direonine, cysteine, tyrosine, asparagine, glutamine, aspaitic add, 
glutamic acid, lysine, arginine, histidine, phenylglycine, beta-alanine, norieucine, norvaline, 
alpha-aminobu^ric add, epsilon^aminocaproic acid, citruUine, hydroxyproline, ornithine, 
homoarginine, sarcosine, indoline 2-carboxyiic acid, 2-azetidinecarboxylic acid, pipecolinxc 
acid (2-pipcridine carboxylic acid), O-methylserine, O-ethylserinc, S-methylcysteine, S- 

30 ethylcystcinc, S-bcnzykgrsteme, NH2-CH(CH2CHEt2)-COOH, alpha-aminoheptanoic acid, 
NH2-CH(CH2-l-napthyl)-COOH, NH2-CH(CH2-2-napthyl)-COOH, NH2-CH(CH2- 
cyclohexyl)-COOH, NH2-CH(CH2-cyclopentyl)-COOH, NH2-CH(CH2-cyclobutyl)-COOH, 
NH2-CH(CH2-cyclopropyl)-COOH, trifluoroleucine, and hexafluoroleucine; 

The novel dass of peptide a-ketoacids also have the following structural formula: 

35 Mi-AA-AA-AA-COOH 

or a pharmaceutically acceptable salt wherein 

Ml represents H, NH2-CD-, NH2-CS., NH2-S02% X-NH-CO-. X2N-CO-, 
X-NH-CS-, X2N-CS-, X-NH-SO2-, X2N-SO2-. X-CO-, X-CS-, X.S02-. XO-CO-, or X- 
0-CS-; 
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X is selected from the group consisting of Cmq alkyl Cmq fluoroalkyi, Ci-io alkyl 
substinued with J, Ci-io fluoroalkyi substituted with J, l-admantyl, 9-fluorenyl, phenyl, 
phenyl substituted with K. phenyl disubstioited with K, phenyl trisubstinited with K, n^hthyl, 
naphthyl substituted with K. naphthyl disubstituted with K, naphthyl trisubstituted with K, 
Cl-iO alkyl with an attached phenyl group. Cmq aUcyl with two attached phenyl groups, Ci- 
10 alkyl with an attached phenyl group substituied with K, and Ci-io alkyl with two attached 
phenyl groups substituted with K, Cmq alkyl with an attached phenoxy gioup. and Cmq 
all^l with an attached phenoxy gnmp substituted with K on the phenoxy group; 

J is selected firom the group consisting of halogen, COOH, OH, CN, NO2, NH2. Ci- 
10 alkoxy, Ci-io alkylamine, C2.12 dialkylamine, Ci-io alkyl-O-CO-, Ci-io alkyl-O-CO- 
NH-,andCi.ioalkyl-S--; 

K is selected from the group consisting of halogen, Ci.io alkyl, Ci.jo perfluoioalkyl. 
Ci.io alkoxy, NO2. CN. OH, CO2H. amino, Ci.iq alkylamino, C2.12 dialkylamino, Ci- 
Cio acyl. and Ci.io alkoxy-CO-. and Cmo alkyl-S-: 

AA is a side chain blocked or unblocked amino acid with the L configuration, D 
configuration, or no chirality at the a-carbon sdected ftom the group consisting of aiatWii, 
valine, leucine, isolcucine, proline, methicmine, methionine sulfoxide, phenylalanine, 
tryptophan, glycine, serine, threonine, cysteine, tyrosine, asparagine, glutamine. aspartic acid, 
glutamic add, lysine, arginine, histidine. phenylglycine, beta-alanine. norleucinc, norvaline. 
alpha-aminobutyric acid, epsilon-aminocaproic acid, cimUline, hydroxyproline, ornithine, 
homoaiginine. sarcosine, indoline 2-carboxylic add, 2-a2etidinecarboxylic add, pipecolinic 
acid (2-piperidine carboxylic acid), O-mediylseiine. O^thylscdne. S-methylcysteine, S- 
ethylcysteinc, S-benzylcysteine. NH2-CH(aJ2CHEt2K;CX»J, alpha-aminoheptanoic add, 
NH2-CH(CH2-l-napthyl)-COOH, NH2-CH(CH2-2-napthyl).COOH, NH2-CH(CH2- 
cyclohexyl)-COOH. NH2-CH(CH2-cyclopentyl)-COOH. NH2-CH(CH2-cyclobutyl).COQH. 
NH2-CH(CH2-cycloproRyl)-COOH, trifluoroleucine. and hcxafluoroleucine; 

TTje novel class of peptide a-ketoadds also have die following stnicnual formula: 
Mi-AA-AA-AA-AA-OOOH 
or a phaimaceutically accqnable salt, wherein 

Ml represents H, NH2-CO-, NH2-CS-, NH2-SO2-, X-NH-CO-, X2N-CO-. 
X-NH-CS-. X2N.CS., X-NH.SO2-. X2N-SO2-. Y,.CO-, X-CS-. X.SO2-. X-O-CO- or X- 
0-CS-: 

X is selected from the group consisting of Ci-io alkyl, Cmq fluoroalkyi, Cmq alkyl 
substimted with J. Ci-io fluoroalkyi substituted with J. l-admantyl, 9-fluorcnyl, phenyl, 
phenyl substituted witii K, phenyl disubstituted with K, phenyl trisubstituted with K, naphthyl, 
naphthyl substimted with K, naphUiyl disubstioited witii K, naphtiiyl trisubstituted widi K. 
Ci.io alkyl witii an attached phenyl group, Cmq alkyl witii two attached phenyl gioups, C]. 
10 alkyl witii an attached phenyl group substimted wifli K, and Cmq alkyl witii two attached 
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phenyl groups substitotedwith K, Ci-io alkyi with an attached phenoxy group, and Cmo 

all^l with an attached phenoxy group substituted widi K on the phenoxy group; 

Yi is selected fiiom the group consisting of C2-10 aU^'U Ci-iO fluoroalkyl, Cmo 

alkyI substioitcd with J.Ci-iO fluoroalkyl substituted with J, 1-admantyI, Q-fluorenyl, phenyl. 
5 phenyl substituted with K, phenyl cfcubstitoted with K, phenyl trisubstituted with K, naphtlqrl, 

n^hthyl substituted with K.. naphthyl disubstimted with K, naphthyl trisubstituted with K, 

Ci-io allqrl with an attached phenyl group, Cmo aDqrl wi* two attached phenyl groups. Ci- 

10 all^l with an attached phenyl group substituted widi K. and C i. lo alkyl with two attached 

phenyl groups substituted with K; 
0 J is selected fiont the group consisdng of halogen, COOH, OH, CN. NO2, NH2, Ci. 

10 alkoxy, Ci-io alkylamine, 02-12 diaDcylamine. Cmq alkytO-CO-, Cmo alkyMKX)- 

NH-.andCMoalkyl-S-; 

K is selected firom the group consisting of halogen, C 1. 10 alkyl, C 1.10 petfluoroallqrl, 

Cmo alkoxy, NO2. CN, OH, CO2H, amino. Cmo alkylamino, C2.12 dialkylamino, Ci- 
5 Cio acyl, and Ci.io aUcoxy-CO-, and C 1 .10 aUqrl-S-; 

AA is a side chain blocked or unblocttd ainino acid with the L configuration, D 

configuration, or no chirality at the a-carbos selected from the group consisting o£ alanine, 
valine, leucine, isoleudne, proline, methionine, meduonine sulfoxide, phenylalanine, 
ayptoiAan, glycine, serine, threonine, cysteine, tyrosine, aq»ragine, glutamine, aspartic add, 
20 glutamic acid, lysine, aiginine, histidine, phenylglycinc, beta-alanine, norieucine, norvaUne, 
ali^a-aminobu^c add, epsilon-aminocaproic acid, dtrulline, hydroxyprolme, ornithine, 
homoarginine, sarcosine, indoline 2-carboxylic acid, 2-azetidinecarboxylic add, pipeoolinic 
add (2-pq)eTidine carboxylic acid), O-methylserine, 0-ethylserine, S-methyl^tdne, S- 
ethylcystdne. S-benaylcystdne. NH2<H(CH2CHEt2)-C00H, alpha-amindieptanoic add, 
5 NH2-CH(CH2-l-napthyl)-COOH. NH2-CH(CH2-2-napthyl)-C0OH, NH2-CH(CH2- 

cydohexyl)-COOa NH2-CH(CH2-cyclopentyl)-COOH. NH2-CH(CH2-cydobutyl)-OOOH, 
NH2-CH(CH2-cyclopropyl)-COOH, trifluoroleucine, and hexafluoroleucine; 

Hie novel class of peptide o-ketoadds also have the following structural fonnula: 
Mi-AA-COOH 
D or a phannaceutically acceptable salt, wherein 

Ml represents H NH2-CO-, NH2-CS-, NH2-SO2-, X-NH-CO-. X2N-CO-. 
X-NH-CS-, X2N.CS-. X-NH-SO2-. X2N-SO2-, Y2-CO-, X-CS-. X-SO2-. X-O-CO-. or X- 
0-CS-: 

X is sdected from die group amsistingof Cmo alkyl, Cmo fluoroalkyl. Cmo alkyl 
3 substituted with J, Cmo fluoroalkyl substituted with J, l-admantyl, 9-fluofenyl, phenyl, 

phenyl substitated widi K. phenyl disubstituted widi K, phenyl trisubstioited widi K. naphdjyl. 
naphthyl substituted with K, naphthyl disubstituted with K. naphthyl trisubsrimtcd with K, 
Cmo allQ'l with an attached phenyl group, Ci-iO alkyl with two attached ptenyl groups, Ci- 
10 alkyl with an attached phenyl group substituted with K, and Cmo alkyl widi two attached 
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phenyl groups substituted with K, Cmq allcyl with an attached phenoxy group, and Ci-io 
alkyl with an attached phenoxy group substituted with K on the phenoxy group; 

Y2 is selected from the group consisting of Cmq aikyl, Cmq fluoioalkyl. Cmq 
alkyi substituted with J, Cmq fluoroalkyl substituted with J, l-admantyl. 9-fluoiOTyi, phenyl 
substituted with K, phenyl disubstituted with K, phenyl trisubsdtuted with K, naphthyi, 
naphthyl substituted with K, naphthyi disubstituted with K, naphthyi trisubstituted with K, 
Cmo alkyl with an attached phenyl group, Cuio alkyl with two attached phenyl groups, Ci. 
lOalkyl with an attached phenyl group substituted with K, and Ci.io alkyl with two attached 
phenyl groups substituted with K; 

J is selected from the group consisting of halogen, CCX)H, OH, CN, NO2, NH2» Ci. 
10 alkoxy, Cmq alkylamine, €2-12 dialkylaminc, Cmq alkyl-O-CO-, Cmo alkyl-O-CO- 
NH-, and C i- 10 alkyl-S-; 

K is selected from the group consisting of halogen, Ci.jq alkyl, Ci.jo pcrfluoroalkyl, 
Ci.io alkoxy, NO2, CN, OH, CO2H, amino, Ci.jq alkylamino, C2-12 dialkylamino, Ci- 
Cio acyl, and C 1.10 alkoxy-CO-, and Ci.io alkyl-S-: 

AA is a side chain blocked or unblocked amino acid with the L configuration, D 
configuration, or no chirality at the a-carbon sdected from the groiq> consisting Gf alanine, 
valine, leucine, isoleucine, proUne, methionine, methionine sulfoxide, phenylalanine, 
tryptophan, glycine, serine, threonine, cysteine, tyrosine, asparagine, glutamine, aspartic acid, 
20 glutamic acid, lysine, arginine, histidine, phcnylglycine, beta-alanine, norleucinc, norvalinc, 
aIpha*aminobutyric acid, epsilon-aminocaproic acid, citrulline, hydroxyproline, ornithine, 
homoargirune, sarcosine, iiuioline 2-carboxylic acid, 2-azetidinecarboxylic acid, pipecolinic 
acid (2-piperidine carboxylic acid), O-methylserine, O-cthylserine, S-metiiylcysteine, S- 
ethylcystcine, S-bcnzylcystcine, NH2-CH(CH2CHEt2)-COOH, alpha-aminoheptanoic acid, 
J NH2-CH(CH2-l-napthyl)-COOH, NH2-CH(CH2-2.napthyl)-COOH, NH2-CH(CH2- 

cyclohexyl)<:OOH, NH2-CH(CH2-cyclopcntyl)-COOH, NH2-CH(CH2-cyclobutyl).COOH, 
NH2-CH(CH2-cyclopropyl)-COOH, trifluoroleucine, and hcxafluoroleucine; 

The novel class of peptide a-ketoesters have the following snuctural formula: 
M1-AA2-AA1-COO-R1 
} or a pharmaceuticailyacoqytable salt, wherein 

Ml represents H, NH2-CO-, NH2-CS-, NH2-SO2-. X-NH-CO-. X2N.CO-, 
X-NH-CS-, X2N-CS-, X.NH-SO2-, X2N.SO2-, X-CO-. X-CS-, X.SO2-. X-aCO-, or X- 
O-CSs 

X is selected from the group consisting of Cmo alkyl, Ci-io fluoroalkyl, Cmq alkyl 
5 substimted with J, Ci-io fluoroalkyl substituted with J, 1-admantyl, 9-nu<Henyl, phenyl, 
phenyl substituted witii K, phenyl disubstinited with K, phenyl trisubstituted with K, naphtiiyl. 
naphtfiyl substimted with K, naphthyi disubstituted with K, naphthyi trisubstimted with K, 
Cmo alkyl witii an attached phenyl group, Ci-io alkyl witii two attached phenyl groups, C 1 . 
10 alkyl with an attached phenyl group substimted witii K, and Cmo alkyl widi two attached 
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phenyl groups substituted with K, Cmo alkyl with an attached phenoxy group, and Ci-io 
alkyl widi an attached phenoxy groiq> substituted with K on the phenoxy group; 

J is selected from die group consisting of halogen* COOH, OH, CN, NO2, NH2, Ci- 
10 alkoxy, Cmo alkylamine, 02-12 diallylamine, Ci-io alkyl-O-CO-, Cmq alkyl-O-CO- 
NH-, and C 1-10 alkyl-S-; 

K is selected from the group consisting of halogen, Ci.jq ^I-IO pcrfluoioalkyl, 
Ci.io alkoxy, NO2, CN, OH, CO2H, amino, Ci-io allgrlamino, C2-12 dialkylamino, Ci- 
Cio acyl, and Ci-io alkoxy-CO-, and Cuo alkyl-S-; 

AA 1 is a side chain bk)dced or unblocked amino acid with the L configuration, D 

I c(»ifiguration, or no chiialily at die a-carbon selected from die group consisting of alanine, 
valine, leucine, isoleucine, proline, meduOTine, mediioninc sulfoxide, phenylalanine, 
tryptophan, serine, dueonine, cysteine, tyrosine, asparagine, glutamine, aspartic acid, glutamic 
acid, lysine, arginine, Wstidine, phenylglycine, beta-alanine, norleucine, norvaline, alpha- 
aminobutytic acid, epsilon-aminocaproic acid, citruUine, hydroxyproline, ornithine, 

; homoarginine, sarcosine, indoline 2-carboxylic acid, 2-azetidinccarboxylic acid, pipecolinic 
acid (2-piperidine caxbogrlic acid), O-mediylserine, O-ediylserine, S-mediylcysteine, S- 
ediylcysteine, S-benzylcysteine, NH2-CH(CH2CHEt2)-COOH. alpha-aminoheptanoic acid, 
NH2-CH(CH2-l-naptiiyl)-COOH, NH2<ai(CH2-2.napdiyl)-COOH, NH2-CH(CH2- 
cydohexylKOOH, NH2-CH(CH2-cyclopentyl).COOa NH2-CH(CH2-cyclobutyl)-COOH, 
20 NH2-CH(CH2-cyclopropyl>COOH, trifluoroleucinc, and hcxafluoroieucine; 

AA? is a side chain bkxdced or unblocked amino acid with die L configuration, D 
ccKifiguration, or no chirality at the a-carbon selected from the group consisting of leucine, 
isoleucine, proline, mediionine, mediionine sulfoxide, phenylalanine, tryptophan, glycine, 
serine, duronine, cysteine, tyrosine, asparagine, glutamine, aspartic acid, glutamic acid, lysine. 

) axginine, histidine, phenylglycine, beta-alaiune, norleucine, norvaline, alpha-antinobutyric acid 
epsilon-aminocaproic add, citruUine, hydroxyproline, ornithine, homoarginine, sarcosine, 
indoline 2-carboxylic add, 2-a2etidinecarboxylic acid, pipecolinic add (2-piperidine carboxylic 
add), O-methylsCTine, O-ediylserine, S-mediykysteine, S-etiiylcysteine, S-benzylcysteine, 
NH2-CH(CH2CHEt2>COOH, alpha-aminoheptandc acid, NH2-CH(CH2-l-napdiyl)-COOH, 

) ^fH2-CH(CH2-2-napdlyl)-COOH, NH2-CH(CH2-cyclohexyl)<:OOH, NH2-CH(CH2- 

cyclopentyD-COOH, NH2-CH(CH2-cydobutyl)-COOH, NH2-CH(CH2-cyclopropyl)-COOa 
trifluoroleucine, and hexafluoroleucine; 

Rl is selected from die group cmsisting of H, C1.20 ^ 1.20 alkyl widi a phenyl 
group attached to die C1.20 ^ ^1-20 ^ attached phenyl group substimted 

) widiK. 

The novel class of peptide a-ketoesters also have the following strucmral formula: 
M1-AA-NH-CHR2-CO-CO-O-R 
or a phannaceutically accq>table salt, wherein 
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Mi represents H, NH2-CO-. NH2-CS-. NH2-SO2-. X-NH-CO-, X-jN-CO- 

X-NH-CS-. X2N-CS.. X-NH-S02-, X2N-SO2-. X-CO-. X-CS-. x-so... x-(k:o- or X- 

0-CS-; ' WOT A 

X is selected from the group consisting of Cmq alkyi, Cmq nuoroalkyl, Ci 10 alkyl 
5 substituted with J. Ci-io fluoioaJkyl substituted with J. l-admantyl. 9-fluorcnyl. phenyl, 
phenyl sabsdtuted with K, phenyl disubstituted with K, phenyl trisubstituted with K, naphthyl 
naphthyl sabsdtuted with K, naphthyl disubsdtuted widi K, naphthyl trisubstituted with K. 
Cmo alkyl with an attached phenyl group. Cmq aflcyl with two attached phenyl groups. Ci 
10 alkyl with an attached phenyl group substituted witii K. and Cmq alkyl widi two attached 
phenyl groups substituted with K. Cmq alkyl with an attached phenoxy group, and Cmo 
alkyl with an attached phenoxy group subsdtuted with K on the phenoxy group; 

J is selected from the group consisting of halogen, CCXJH, OH, CN, NO2, NH2, Ci. 
10 alkoxy, Ci-io alkylamine. C2.12 dialkylaminc, Cmq alkyl-O-CO-. Cmq alk^l-O-CO- ' 
NH-.andCi.ioalkyl-S-; 

K is selected finm the group consisting of halogen. Ci.iq alkyl. C^io perfluoroalkyl 
Cmo alkoxy. NO2. CN. OH. CO2H. amino. CMoalkyhunino, C2.12 dialkylamino. Ci- 
Cio acyl, and Cj.jo alkoxy-CO-. and Cj.io allqrl-S-; 

AA is a side chain blocked or unblocked amino acid with the L configuation. D 
configuration, or no chiiaUty at the o-carbon selected from the group consisting of alanine. 
20 valine. leucine, isoleucine, proline, methionine, mediionine sulfoxide, phenylalanine. 

tiyptophan, glycine, serine, threonine, cysteine, tyrosine, asparaginc. glutamine. asp^c acid, 
glutamic acid, lysine, arginine. histidine, phenylglycine. beta-alanine. norleucine. norvaline. 
alpha-ananobutyric add. epsilon-aminocaproic add. dttulline. hydroxyproline. ornithine, 
homoaiginine. sareosine. indoline 2-carboxylic acid. Z-azetidinecaiboxylic add. pipecolinic 
acid (2-pipeiidine carboxylic acid), O-methylserine. O^thybeiine. S-methylcystdne. S- 
cthylcystdne, S-benzylcystdne, NH2-CH(CH2CHEt2KOOH. alpha-aminoheptanoic add, 
NH2-CH(CH2-l-napthyl).COOH, NH2-CH(CH2-2-napthylK:OOH. NH2-CH(CH2. 
cyclohexylKOOH. NH2-CH(CH2-cyclopentylK:OOH. NH2-CH(CH7-cyclobtttyl)-COOH. 
NH2-CH(CH2-cyclopropyl)-COOH, irifluoroleudne. and hexafluoroleucine; 

R2 represents C^g branched and unbranched alkyl. Ci^ branched and unbnmched 
cydized alkyl. or C 1.8 branched and unbranched fluotoalkyl; 

R is sdected from the group consisting of H. Cujo alkyl. C 1.20 alkyl with a phenyl 
group attadied to the C1.20 alkyl. and C1.20 alkyl with an attached phenyl group substituted 
with K. 

TTie novd class of peptide a-ketocsters also have the foUowing structural formula- 
M3-AA-AA-AA<:0-0.R 
or a pharmaceutically acceptable salt, wherein 
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M3 represents H, NH2-CO-, NH2-CS-. NH2-SO2-. X-NH^O-. X2N-CO-, 
X-NH-CS-, X2N.CS-, X-NH.SO2-. X2N^S02-. X-CO-, X-CS-, X-SO2-. T-0-CO-, or X- 
OCS-; 

X is selected from the group consisting of Ci-io alkyl, Ci-io fluoroalkyl, Ci-io alkyl 
S substituted with J, Ci-io fiuoroalkyl substituted with J, l-admantyl, 9-fIuorenyl, phenyl, 
phenyl substituted with phenyl disubsdtuted with phenyl trisubstituted with K, naphthyi, 
naphthyl subsdtuted with naphthyl disubsdtuted with K, naphthyl trisubsdtuted with K, 
Cuio al^l an attached phenyl group, Ci.io alkyl widi two attached phenyl groups, Ci. 
10 alkyl with an attached phenyl group substituted wtdi K, and Ci-io all^l with two attached 

10 phenyl groups subsdtuted with K, Ci-io all^l with an attadied phenoxy group, and Ci-io 
alkyl with an attadied phenoxy group subsdtuted with K on the phenoxy group; 

T is selected from die group consisting of Ci- 10 alkyl, Ci-io fiuoroalkyl, Ci-io all^l 
substinited widi J, Cmo fiuoroalkyl substituted witii J, 1-admantyl, 9-fluopenyl, phenyl, 
phenyl substituted with K, phenyl disubstimted widi K, phenyl trisubstituted with naphdiyl, 

15 naphdiyl substituted widi K, naphdiyl disubsdtuted widi K, naphthyl trisubstituted with K, 
C2.10 alkyl widi an attached phenyl group, Ci.io alkyl widi two attached phenyl groups, Ci- 
10 alkyl with an attached phenyl group substituted with K, and Ci-io alkyl with two attached 
phenyl groups substituted with K; 

J is selected from die group consisting of halogen, COOH, OH, CN, HOz NH2, Ci. 

20 10 alkoxy, Ci-io alkylamine, C2-12 diali^lanune, CuO alkyl-O-CO-, Ci-io alkyl-O-CO- 
NH-, and Ci_io alkyl-S-; 

Kis selected from the group consisting of halogen, C^.^oa^^* Ci^ioP^^^^^^^alkyl, 
Ci.io alkoxy, NO2, CN, OH, CO2H, amino, C^.^q alkylamino, C2-12 dialkylamino, Cj- 
Cio acyl, and Ci.io alkoxy-CO-, and Cj.iq alkyl-S-; 

25 AA is a side chain bkscked or unblocked amino add widi the L configuration, D 

configuration, or no chiiality at the a-carbon selected from the group consisting of alanine, 
valine, leucine, isoleucine, proline, methionine, methionine sulfoxide, phenylalanine, 
tryptophan, glycine, serine, threonine, cysteine, tyrosine, asparagine, glutamine, aspardc acid, 
glutamic acid, lysine, arginine, histidine, phenylglycine, beta-alanine, norleucine, norvaline, 

30 alpha-aminobu^c acid, epsilon-aminocaproic acid, citrulline, hydroxyprcdine, ornithine, 
homoarginine, sarcosine, indoline 2-carbQxylic acid, 2-azetidinecarboxylic acid, pipecolinic 
acid (2-piperidine carboxyiic acidX O-mediylserine, O-ediylseiine, S*mediylcysteine, S- 
ediylcysteine, S-ben^lcystdne, NH2-CH(CH2CHEt2)-COOH, alpha-aminoheptanoic add, 
iNH2-CH(CH2-l-napdiyl)-COOH, NH2-C3KCH2-2.napdiyl)-COOH, NH2-CH(CH2- 

35 cyclohexyD-COOH, NH2-CHCCH2-cycIopentyl)-COOH, NH2-CH(CH2-cyclobutyl)-COOH, 
NH2-CH(CH2-cyclopropyl)-COOH, trifluoroleucine, and hexafluoroleucine; 

R is selected from the group consisting of H, C2.20 alkyl, C|.20 alkyl with a phenyl 
group attached to die C ^.20 alkyl, and Cx.20 alkyl with an attached phenyl group substituted 
witiiK. 
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TTie novel class of peptide a-ketoesters also have Ae following stnictuial fonnuia: 
M3-AA-AA-NH-CHR2-CO-COO-R 
or a phamiaceutically accq>table salt, wherein 

M3 represents H, NH2-CX)-. NH2-CS-, NH2-SO2-. X-NH-CO-, X2N-CO-, 
5 X-NH-CS-. X2N-CS-. X-NH-SO2-, X2N-SO2-. X-CO-. X-CS-, X-SO2-. T-O-CO- or X- 
0-CS-; 

X is selected from the group consisting of Ci- 10 alkyl, Cmq fluotoalkyl. Cuio alkyl 
substituted with J. Ci-io fluoroalkyl substituted with J, l-admantyl, 9.fluorenyl. phenyl, 
phenyl substituted with K, phenyl disubstituted with K, phenyl trisubstituted with K, naphthyl, 
10 naphthyl substituted with K, naphthyl disubstituted with K, naphthyl trisubstituted with K, 
Ci-iO aD^l widi an attached phenyl group, Ci-io alkyl with two attached phenyl groups, Ci. 
10 aDqrl with an attached phenyl group substituted with K, and Ci-io alkyl with two attached 
phenyl groups substituted with K, Ci-io alkyl with an attached phenoxy group, and Cmq 
alkyl with an attached phenoxy group substituted with K on die phenoxy grou^ 
15 T is sdeciBd from the group consisting of Ci- 10 alkyl, Cmq fluoroalkyl, Cmq alkyl 

substituted with J, Ci-io fluoroalkyl substituted with J, l-adnantyl, 9-flu<»enyl, phrayl, 
phaiyl substituted with K. phenyl disubstituted with K, phenyl trisubstituted with K, naphAyl, 
naphthyl substituted with K, naphthyl disubsdtuted with K, naphthyl trisubstituted widi K, 
C2-IO alkyl with an attached phenyl group, Ci-io alkyl witfi two attached phenyl groups, Ci. 
20 10 allqrl with an attached phenyl group substimted with K, and Cuo aDqrl with two attached 
phenyl groups substituted with K; 

J is selected from the group consisting of halogen, COOH, OH, CN, NO2, NH2, Ci. 
10 alkoxy. Cm© alkylamine, Cmo diaDcyUunine, Cmo alkyl-OCO-, Cmq alkyl-O-CO- 
NH-,andCi.ioalkyl-S-: 
25 K is selected from the group consisting of halogen, Ci.iq alkyl, C^. 10 perfluoroalkyl, 

Ci.io alkoxy, NO2, CN, OH. CO2H, amino, Ci.io alkylamino, C2.12 dialkylamino, Ci- 
Cio acyl, and Ci.iq alkoxy-CO-, and Cj.io alkyl-S-; 

AA is a side chain bkxdced (w unblocked amino acid witii the L configuration, D 
configuration, or no chiiality at the Orcarbon selected from tiie group consisting of alanine. 
30 valine, leucine, isoleudne. proline, metiiionine. metiuonine sulfoxide, phenylalanine. 

tryptophan, glycine, serine, threonine, cysteine, tyrosine, asparagine, glutamine. aspartic add, 
glutamic acid, lysine, arginine. histidine, phenylglycine. beta-alanine, norieucine. norvaline, 
alpha-aminobutyric acid, epsilon-aminocaproic acid, citrulline, hydroxyproline, omitiune. 
homoarginine. sarcosine, indoline 2-cari)oxylic acid. 2-a2etidinecarboxylic acid, pipecolinic 
35 add (2-piperidine carboxylic acid). 0-methylserine, 0-etiiylserine, S-methylcystdne, S- 
cdiykysteine. S-benzylcysteine, NH2-CH(CH2CHEt2)-COOa alpha-aminoheptanoic acid. 
NH2-CH(CH2- l-naptiiyl)-COOH, NH2-CH(CH2-2-napdiyl)-COOH, NH2-CH(CH')- 
cyclohexyl)<XX)H, NH2-CH(CH2-cydopentyl)-COOH, NH2-CH(CH2-cyclobutyl)'-COOH. 
NH2-CEJ(CH2-cyclopropyl)-COOH, trifluoroleucine, and hexafluoroleucine: 



SUBSTITUTE SHEET 



wo 92/12140 



PCr/US91/09801 



-22- 

R2 represents Ci.8 branched and unbianched alkyl, Ci.g branched and unbranched 
cyclized alkyl, or Ci.g branched and unbranched fluoroalkyl; 

R is selected from the group ccmsisting of H, C1.2O ^ 1.20 alkyl with a phenyl 
group attached to the C1.20 alkyU and C1.20 alkyl with an attached phenyl group substituted 
5 with K. 

The novel class of pepdde a-ketoesteis also have the foUowing structural formula: 
M3-AA4-AA-AA-AA-COO-R 
or a phannaceutically acceptable salt, wherein 

M3 represents H. NH2-CO-, NH2-CS.. NH2-S02-, X-NH-CO-, X2N-CO-, 
10 X-NH-CS-, X2N^S-. X-NH.SO2-. X2N-SO2-, X-CO-. X-CS-, X-SO2-. TO-CO-, or X- 
0-CS-; 

X is selected from the group consisting of Ci-io alkyl, Cmo fluoroalkyl, Cmo alkyl 
substituted with J, Ci-io fluoroalkyl substituted with J, 1-admantyU 9.fluorenyl, phenyl, 
phenyl substituted with K, phenyl disubstituted witii K, phenyl tzisubstituted with K, naphthyl, 

15 naphthyl substituted widi K, naphtiiyl disubstiwtcd witii K, n^hthyl ttisubstituted witii K, 
Cmo alkyl with an attached phenyl gioup, Cmo alkyl with two attached phenyl groups, Ci- 
10 alkyl with an attached phenyl group substituied with K, and Cmo alkyl witii two attached 
phenyl groups substituted witii K, Ci-io alkyl witfi an attached phenoxy group, and Cmo 
alkyl witii an attached phenoxy group substituted with K on tiie phenoxy group; 

20 T is selected fiomtiie group consisting of Cmo aDcyU Cmo fluoroalkyl, Cmo alkyl 

substimted witii J, Cmo fluoroalkyl substituted witii J, l-admantyl, 9-fluorenyl, phenyl, 
phenyl substituted witii K, phenyl disubstimted witii K, phenyl trisubstimted witii K, naphtiiyl, 
naphtiiyl substituted witii K, naphthyl disubstituted witii naphtiiyl trisubstituted witii K, 
C2.10 all^l with an attached phenyl group, Cmo alkyl witii two attached phenyl groups, Ci- 

25 10 alkyl witii an attached phenyl group substituted witii K, and Cmo alkyl widi two attached 
phenyl groups substituted with K; 

J is selected from tiie group consisting of halogen, COOH, OH, CN, N02r NH2, Ci- 
10 alkoxy, Cmo alkylamine, C2.12 dialkylamine, Cmo alkyl-O-CO-, Cmo alkyW>CO 
NH-, and C 1.10 alkyl-S-; 

30 K is selected from tfie group consisting of halogen, C mo alkyl, Ci.io perfluGToalkyl. 

Cmo alkoxy, NO2, CN, OH, C02a amino, Cmq alkylamino, C2-12 dialkylamino, Ci- 
Cio acyl, and Cmq alkoxy-CO-, and Cmq alkyl-S-; 

AA is a side chain blocked or unblocked amino acid witii the L configuration, D 
configuration, or no chirality at die a-carbon selected from tiie group consisting of alanine, 

35 valine, leucine, isoleucine, proline, mediionine, methionine sulfoxide, phenylalanine, 

tryptophan, glycine, serine, direonine, cysteine, tyrosine, asparagine, gluiamine, aspartic acid, 
glutamic acid, lysine, arginine, histidine, phenylglycine, beta-alanine, norieucine, norvaline, 
al|Aa-aminobu^ric acid, epsilon-aminocaproic acid, citrulline, hydioxyproline, ornithine, 
hcmioarginine, saicosine, indoline 2-carboxylic acid, 2-azetidinecarboxylic acid, pipecolinic 
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acid (2-pipcridine carboxylic acid), Omethylscrinc, Octhylscrine, S-mcthylcysteinc, S- 
ethylcystdnc, S-benzylcystcine, NH2-CH(CH2CHEt2)-COOa alpha-aminohcptanoic acii 
NH2-CH(CH2-Unapthyl)-COOH, NH2-CH(CH2-2-napthyl)-COOa NH2-CH(C3I')- 
cyclohexyD-CCXDH, NH2-CH(CH2-cyclopcntyl).COOH, NH2-CH(CH2-cyclobutyl)'cC)OH, 
5 NH2-CH(C3l2-cyclopropyl)-COOIi trifluoioleucine, and hcxafluoiolcucinc;; 

AA4 is a side chain blocked or unblocked amino acid widi the L ccxifiguiation, D 
configuration, or no chindity at the a-carbon selected ftom the group consisting of leucine, 
isoleucine, mediionine, roetfiionine sulfoxide, i^enylalanine, txyptx^han, glycine, serine, 
threonine, cysteine, tyrosine, asparagine, glutamine, aspartic acid, glutamic acid, lysine, 

10 arginine, hisridinc. phcnyiglydne, beta-alanine, norleucine, norvaline, alpha-aminobutyric acid, 
cpsilon-amiiwcaproic acid, citruUine, hydroxyproline, ornithine, homoargiiiine, sarcosine, 
indoiinc 2-carboxylic acid, 2-azetidinccarboxylic acid, pipecolinic add (2-pipcridine carboxylic 
acid), O-methylscrine, O-cthylserine, S-methylcysicine, S-ethylcysteine, S-benzylcysieine, 
NH2-CH(CH2CHEt2)-CCX)H, alpha-aminoheptanoic acid, NH2-CH(CH2-l-napthyl)-COOH, 

15 NH2-CH(CH2-2-napthyl)-COOH. NH2-CH(CH2-cyclohexyl)-COOH, NH2-CH(C3i2- 

cyclopcntyD-COOH, NH2-CH(CH2-cyclobutyl)-CCX)H, NH2-CH(C2l2-cyclopropyl)^OOH. 
trifluoroleucine, and hexafluoioleucine; 

R is selected ftom the group consisting of H, C1.20 alkyl, C1.20 alkyl with a phenyl 
group attached to the C1.20 aUqrl, and C1.20 alkyl widi an attached phenyl group substituted 

20 withK, 

The novel class of peptide a-ketoesters also have the following structural formula: 
Mi-AA-CO-OR 
or a pharmaceutically accq>table salt, wherein 

Ml represents H. NH2-CO-, NH2-CS-. NH2-SO2-. X-NH-CO-, X2N-CO-, 
25 X-NH-CS-, X2N-CS-, X.NH.SO2-. X2N.S02% Y-CO-, X-CS-, X-SO2-, X-CM:0-, or X- 
0-CS-; 

X is selected from the group consisting of Cmo alkyl, Cuio fluoroalkyl, Ci-io alkyl 
substimtcd widj J, Ci-io fluoroalkyl substituted witii J, l-admantyl, 9-fluorenyl, phenyl, 
phenyl substituted witii K, phenyl disubstimted with K, phenyl trisubstinited widi K, naphdiyl, 

30 naphihyl substimted widi K, naphdiyl disubstituted witii K, naphdiyl trisubstituted witii K, 
Ci-10 alkyl widi an attached phenyl group, Cuio allq'l widi two attached phenyl groups, Ci. 
10 alkyl widi an attached phenyl group substimtcd widi K, and Ci-io aftyl witii two attached 
phenyl groups substimted witii K, Cmo alkyl widi an attached phenoxy group, and Cmo 
alkyl with an attached phenoxy group substimted widi K on die phenoxy group; 

35 Y is selected from die group consisting of Cg-io alkyl, Cmo fluoroalkyl, Cmo alkyl 

substimted witii J, Cuio fluoroalkyl substimted witfi J, 1-admantyl, 9-nuorenyl, phenyl 
substimted witii K, phenyl disubstimted widi K, phenyl trisubstimted witii K, naphdiyl, 
naphdiyl substimted widi K, naphtiiyl disubstimted witii K, naphdiyl trisubstimted widi K, Cu 
10 alkyl widi an attached phenyl group, Cmo allqrl widi two attached phenyl groups, Cmo 
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alkyl with an attached phenyl group substituted with K, and C i. lO alkyl with two attached 
phenyl groups substimted with K: 

J is selected from the group consisting of halogen, COOH, OH, CN, N02> NH2» Ci- 
10 alkoxy, Cmo alkylamine, €2-12 dialkylamine, Cuo alkyl-O-CO-, Cuo alkyl-O-CO- 
5 NH-, andCi.io aUqrl-S-; 

K is selected ftom the group consisting of halogen, C i. lo alkyl, C i, lo pcrfluoroalkyl, 
Ci.io alkoxy, NO2, CN, OH, CO2H, amino, Ci.jo alkylamino, C2.12 dialkylamino, Ci- 
Cio acyU and Ci-io alkoxy-CO-, and Chq alkyl-Ss 

AA is a si<fe chain blocked or unblocked amino acid with the L configuration, D 
1 0 configuiadon, or no chirality at the a*carbon selected from die group consisting of alanine, 
valine, leucine, isoleudne, pRdine, methionine, meduonine sul^^ 

ayptq)han, glycine, serine, threonine, cysteine, Qrrosine, asparagine, glutamine, aspardc acid, 
glutamic acid, lysine, arginine, histidine, phenylglycine, beta-alanine, norleucine, norvaline, 
aI{^-aminobutyiic acid, epsilon-aminocaproic acid, dtruUine, hydroxyproline, ornithine, 

IS homoarginine, sarcosine, indoline 2-caiboxylic acid, 2-azeddiiiecarboxylic acid, pipecolinic 
acid (2-pipendine caifooxylic acid), 0-mediylserine, 0-ethylserine, S-methylcysteine, S* 
ethylcysteine, S-benzylcysteine, NH2*CH(CH2CHEt2)-COOH, alpha-aminoheptanoic acid, 
NH2-CH(CH2-l-napdiyl)-COOH, NH2-CH(CH2-2-napthyl)-COOH, NH2-CH(C3l2- 
cyclohexyI)-COOH, NH2-CH(ai2-cyclopcntyl)-COOH. ra2-aH(C3l2-cyclobutyl).OOOH, 

20 NH2-CH(CH2-cyclopropyl)*COOH, trifluoroleudne, and hexafluoroleucine; 

R is selected from the group consisting of H, C1.20 sdkyl, C1.20 alkyl with a phenyl 
group attached to the C1.20 alkyl, and C 1.20 all^l with an attached phenyl group substituted 
withK. 

The following compounds are representadves of the invention: 
25 Z-Uu-Phe-CONH-Et 
Z-Leu-Phe-CONH-nPr 
Z-Leu-Phe-CONH-nBu 
Z-Leu-Phe-CONH-iBu 
Z-Leu-Phe-CONH-Bzl 

30 Z-Lcu.Phc-CONH.(CH2)2Ph 

Z-Leu-Abu-CONH-Et 

Z-Leu-Abu-CONH-nPr 

Z-Leu-Abu-CXDNH-nBu 

Z-Leu-Abu-CONH-iBu 
35 Z-Leu-Abu-CONH-Bzl 

Z-Leu-Abu-CONH<CH2)2Ph 

Z.Leu-Abu-CONH-(CH2)3-N(CH2CH2)20 

Z-Leu.Abu-CONH-(CH2)7CH3 

Z-Leu-Abu-CONH-(CH2)20H 
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Z-Leu-Abu.C0NH-(CH2)2O(CH2)20H 

Z-Leu-Abu-C0NH-(CH2) 17CH3 

Z-Leu-Abu-CONH-CH2-C6H3(OCH3)2 

Z-Leu-Abu-CONH-CH2-C4H4N 
S Bz-DL-Ala<XX)Et 

Bz-DL-AlarGOOBzl 

Bz-DL-Ala-OOOff-Bu 

Bz-DI^A]a<300H 

Bz-DI^PhfrCOOEt 
10 Bz-Dl^Ala-COOCH2-C6H4-CF3 (para) 

Bz-DI^Aig-COOEt 

Bz-DL-Lys-COO£t 

Bz-DL-Lys-OOOH 

Z-Ala-DL-Ala<XX3Et 
IS Z-Ala-DL-Ala<XX)Bzl 

Z-A]a-DL-Ala-CXX)-/f-Bu 

MeO-Suc-Ala-DL-Ala-GOOMe 

Z-Leu-Nva-COOEt 

Z-Leu-Nle-COOEt 
20 Z-Leu-Phe-COOEt 

Z-Uu-Abu-CXX)Et 

Z-Phe-DL-Phe-CC»Et 

H-Gly-DL-Lys<:OOEt 

H-Ala-DL-Lys-COOEt 
25 H-Pro-DL-Lys-COOEt 

H-Phc-DL-Lys-COOEt 

Z-Ala-Ala-m^Al2rC00Et 

Z-Ala-Pro-DL-Ala-COOEt 

Z-Ala-AIa-DL-Abu-COOEt 
30 Z-AkhA]a-DL-Aba<XX>BzI 

Z-AlarAIa-DL-Abu-COOCH2-C(sH4-CF3 (para) 

MeO-Suc-Val-Pto-DI^Phe-COOMe 

H-Leu-Ala-DL-Lys-COOEt 

Z-AJa-Ala-AlarDL-Ala-COOEt 
35 MeO-Suc-Ala-Ala-Pro-DI^Abu-COOMe 
Z-Leu-Phc-COOEt 
2-Leu-NvarCOOEt 
Z-Len-Abu-COOEt 
PhCO-Abu-COQEt 
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(CH3)2CH(CH2)2CO-Abu-COOEt 

CHjCHjCIDjCHCO-Abu-COOEt 

Ph(CH2)^00-Abu-COOEt 

Z-Leu-4-a-Phe-COOEt 
5 Z-Lcu-Lctt-Abu-CXDOEt 

Z-Leu-Leu-Phe-COOEt 

2-NapS02-Lcu-Abu-COOEt 

2-N^S02-Leu-Lea-Abu-COOEt 

Z-Leu-Met-CX)2Et 
10 Z-Lea-NLeu*G02Et 

Z-Lea-Fhe-C02Bu 

Z-Leu-Abu-COjBu 

Z-Leu-Phe-COjBzl 

Z-Leu-Abu-CXDjBd 
15 Z-Leu-Phe-COOH 
Z-Leu-Abu-COOH 

Mcaerials and Methods. HEPES, heparin, and A23187 were obtained from 
Calbiochcm. Suc-Leu-Tyr-AMC and chromogenic substrates were obtained fiom Sigma. 

20 Calpain I was purified from human erythrocytes according to the method of Kitahara (Kitahara 
ct al., /. Biochem. 95, 1759-1766) omitting the Blue-Sepharose step. Calpain U from rabbit 
muscle and cathepsin B were purchased from Sigma. Papain was purchased from Calbiochem. 

Assay of Inhibitory Potency. Peptide a-ketoamides were assayed as reversible enzyme 
inhibitors. Various cmcentratims of inhibitors in Me2S0 were added to the assay ndxnne 

25 which contained bu£fer and substzaie. Thereactionwasstartedby the addition of the enzyme 
and the hydrolysis rates were followed spectrophotometrically or fluorimetrically. 

C?Tpfli'« I fiom human erythrocytes and calpain II from rabbit were assayed using Suc- 
Leu-Tyr-AMC [Sasaki et al., Biol Chem. 259, 12489-12494 (1984); incorporated herein by 
reference], and the AMC (7-amino-4-methylcoumaiin) release was followed fluorimetricaUy 

30 (excitation at 380 nm, and emmision at 460 nm). Calpains were assayed in 25 mM Tris pH - 
8.0, 10 mM Caa2. Fluorescence was followed using a Gilson FL-1 A fluorometer or a Peridn- 
Elmer 203 Fluorescence spectrometer. Cadiepsin B was assayed in 20 mM sodium acetate pH 
= 5.2, 0.5 mM didiiothseitol using Bz-Phe-Val-Arg-p-nitroanUide as substrate. Alteraatdy, 
cathepsin B was assayed with Z-Arg- Aig-AFC [Barrett and Kirschke, Methods EnzymoL 80, 

35 535-561 (1981); incorporated herein by reference], and the AFC (7-amino-4- 

trifiuoromethylcoumarin) release was followed fluorimettically (excitation at 400 nm and 
emmision at 505 nm). Papain was assayed in 100 mM KPO4, 1 mM EDTA, 15 mM cysteine 
pH = 6.0 using Bz-Arg-AMC or Bz-Arg-NA [Kanaoka et al., Chem. Pharm. Bull. 25, 3126- 
3 128 (1977); incorporated herein by reference] as a substrate. The AMC (7-amino-4- 
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methylcoumarin) release was followed fluorimctrically (excitation at 380 nin, and exnxnision at 
460 nm). Enzymatic hydrolysis rates were measured at various substrate and inhibitor 
concentrations, and values were detrained by eidier Lineweaver-Burk plots or Dixon 
plots. 

5 A 0. 1 M Hepest 0.5 M NaCU pH 75 buffer was utilized for human leukocyte elastase 

(HLE), porcine panaeadc elastase (PPE), chymotxypsin and caAepsin G. A 0.1 Hepes, 0.01 
M Caa2, pH 75 buffer was utilized for trypsin, plasmin, and coagulation enzymes. A SOmM 
Tris HQ, 2 mM EDTA, 5 mM cysteine, pH 7.5 was used as a buffer for papain. A 88 mM 
KH2PO4, 12 mM Na2HPC)4, 1.33 mM EDTA, 2.7 mM cysteine, pH 6.0 solution was used as 

1 0 a buffer for cathepsin B. A 20 mM Hepes, 10 mM Caa2» 10 mM mercatoethanol, pH 7.2 
buffer was utilized for calpain I and calpain n. 

HLE and FPE were assayed widi MeO*Suc- Ala- Ala-Bto- Val-NA and Suc-Ala-Ala-Ala- 
N A, respectively [Nakajima et aL, J. Biol. Chem. 254, 4027-4032 (\979)i incorporated herein 
by refiaence]. Human leukocyte cathepsin G and chymotiypsin A(x were assayed widi Suc- 

15 Val-Pro-Phe-NA [Tanaka et aL, Biochemistry 24, 2040-2047 0985); incorporated herein by 
reference]. The hydrolysis of peptide 4-miroanilides was measured at 410 nm [e4io 
M-lcm-1; Erlangcr et al.. Arch. Biochem. Biophys. 95, pp 271-278 (1961); incorporated 
herein by reference]. Trypsin, thrombin, human plasma kallikrein, porcine pancreatic 
kallikrein, human factor XIa, and human plasnun were assayed witii Z- Arg-SBzl or Z-Gly- 

20 Aig-SBu-i [McRae et al.. Biochemistry 20, 7196-7206 (1981); incorporated herein by 

reference]. All peptide duoester hydrolysis rates were measured witii assay mixtures containing 
4,4'-ditiiiodipyridine [6324 » 19800 M-^cm-l; Grasetti & Murray. Arch. Biochem. Biophys. 
1 19, pp 41-49 (1967); incorporated herein by reference]. Papain was assayed with Bz-Axg- 
AMC or Bz-Arg-NA [Kanaoka et al., Chem. Pharm. Bull. 25, 3126-3128 (1977); incorporated 

25 herein by reference]. The AMC (7-amino-4-methylcoumarin) release was followed 

fluorimctrically (excitation at 380 nm, and emmision at 460 nm). Cathepsin B was assayed 
with Z-Arg-Arg-AFC [Barrett and Kirschke, Methods EnzymoL 80, 535-561 (1981); 
incorporated herein by reference], and die AFC (7-ainino-4-tiifluon}metiiylcoumatin) release 
was followed fiuorimetricaUy (excitation at 400 mn, and enunu Calpainlfrom 

30 human eryduocytes and calpain n from rabbit were assayed using Suc-Leu-Tyr-AMC [Sasaki 
et aL, J. Biol. Chem. 259, 12489-12494 (1984); mcorporated herein by reference!, and die 
AMC (7-amino-4-methylcottmarin) release was followed fluorimctrically (excitation at 380 nm, 
and emmision at 460 nm). Enzymatic hydrolysis rates were measured at various substrate and 
inhibitor concentrations, and Kj values were determined by either Lineweaver-Burk plots or 

35 Dixon plots. 

Platelet mmtbranepermeabiUty assay. Caipain-mediated breakdown of spectrin was 
measured by quantitative densitometry of the calpain-specific 150/155 kDa spectrin fragmem 
doublet [see Siman et al., Proc. Natl. Acad. Sci. USA 81, 3572-3576 (1984)1. Platelets were 
isolated by a modification of dw mediod of Ferrell and Martin [J. Biol. Chem. 264, 20723- 
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20729 (1989)L Blood (15-20 ml) was drawn from male Sprague-Dawley rats into l/lOth 
volume of 100 mM EDTA-citrate, and centiifugcd 10 minutes at 2000 rpm in a clinical 
centrifuge at room temperature. The plasma was resuspaided in 15 ml of buffer I (136 mM 
NaCU 1.1 mM KCl, 0.42 mM NaH2P04, 12 mM NaHCOa. 2 mM MgCb, 2 mg/ml BS A 

5 (Sigma), 5.6 mM glucose. 22 mM Nascitrate pH 6 J) and platelets were isolated at 2200 rpm at 
room tempcratuie for 10 minutes. Platelets were washed once in 15 ml buffer 1, then 
resuspended to VCP cellsAnl in buffer 2 (136 mM NaQ, 2.7 mM KQ. 0.42 mM NaH2P04, 12 
mMNaHCOa, 2mMMga 1 mg/ml BSA (Sigma). 5.6 mM glucose, 20 mMHEPES (Sigma) 
pH 7.4) and allowed to "rest" for a minimum of 10 minutes at room tcmperanirc before use. 

10 Inhibitors were added firom stock solutions made fresh in DMSO. 100 jil platelets, 

suspended to I07 cells/ml in buffer 2. were incubated with 1 Jil of an inhibitor solution for 5 
minutes at room temperature prior to the addition of 2 mMQL2+ and luMA23187. After 10 
minutes total exposure to inhibitor (5 minutes exposure to ionophore) at nxim terapaatuie, 
platelets were reisolated at 14,000 ipm for 10 sec in a Beckman microfuge, dissolved in SDS- 

15 PAGE sample buffer, and heated to 90 T for 3 minutes. 

Samples were subjected to SDS-PAGE in 4-12% gradient mini gels (Novex) and 
transferred to nitrocellulose (Schleicher and SchueU 0.45 um) by electcoblotting. Filters were 
blocked for 10 minutes in 0.25% gelatin, 1% BSA, 0.25% triton XlOO, 0.9% NaQ, 10 mM 
Tris-Q pH 15, incubated overnight in the same solution containing antibody to rat spectrin, 

20 washed 3x10 minutes with 10 mM Tris-Q pH 7 J. 0,5% triton X 100, incubated 4 hours in 
wash buffer plus alkaline phosphatase conjugated goat anti-rabbit antibody (Biorad), and 
washed as above. Blots were developed using the Biorad AP conjugate substrate kit 
Quantitative densitometry was used to obtain values for the intact spectrin bands and the 
150/155 kDa breakdown product doublet 

25 Stnicmre-Acdvity Relationships. Tables I and IV shows the inhibition constants (Kj) 

for human leutaxycte elastase (HLE), porcine pancreatic elastase (PPE), chymotrypsin and 
cathepsin G. Tripeptide and tetrapeptide ketoestcrs with Ala, Abu, or Nva in the Pi site are 
potent inhibitors of HLE and PPE. Amino acid and dipeptide ketoesters with Ala in the Pj site 
are less potent than the tripeprides. Z-Ala-Ala-Abu-CX>-OBzl is a potent inhibitor of elastases. 

30 and replacement of the Z group (Phai20CO) by PhCHiCHiCO, PhC3i2CH2S02-, 

Phai2NHCO-. and PhCH2NHCS- would result in good inhibitor structures. Caianging the R 
group of Z-Ala-AIa-Abu-COOR ftom ediyl to benzyl wp-trifluoromethylbenzyl results in 
equally potent inhibitors of HLE. However, replacement of ethyl by benzyl group in Z-Ala- 
Ala-CO-OEt makes a better elastase inhibitor. Amino acid and peptide ketoesters with Phe in 

35 the Pi site are good inhibitors of chymotrypin and cathepsin G. MeO-Suc-Val-Pro-Phe-CO- 
OR is a potent inhibitor of chymotrypsin and cathepsin G, and replacement of methoxysuccinyl 
group by Z, benzoyl. PhCH2CH2S02-, PhCH2NHCO-, or PhCH2NHCS- would result in 
good inhibitors for chymotrypsin and cathepsin G. 
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Table n shows the inhibition constants (Kj) for trypsin, plasmin, and several blood 
coagulation enzymes. Amino acid and pepdde ketoesters widi Aig or Lys in the P| site arc 
good inhibitors of trypsin, although they inhibit blood coagulation enzymes less potendy. Bz- 
Arg-CO-OEt is a better thrombin inhibitor than Bz-Lys-CO-OEt, and tripeptides such as D-Phe- 
5 Pto- Aig-CCK)Et and Boc-D-Phe-Plco-Axg-CO-OEt are expecvsd to be potent duombin 
inhibitors because the interacdons between die enzyme and inhibitor increase. 
H-Gly-Lys-CO-OEt inhibits duombin better than Bz-Ly s-CO-OEt, but diis dtpepdde ketoester 
is a less potent inhibitor for human plasma kallikxein. Therefore variadon of the blocking group 
and amino acid sequence in die pepdde ketoesters would result in die more specific inhibitors 

10 toward individual coagulation enzymes. 

Tables m and IV shows die inhibidon constants (Kf) fcH* papain, cadiepsin B, calpain I, 
and calpain II. Dipepdde ketoesters widi Abu, Phe, or Nle in die Pj site and Leu in die P2 site 
arc potent inhibitors of calpain I and calpain IL Z-Leu- Abu-CO-OEt is a better inhibitor of 
calpain than Z-Ala-*Ala-Abu-CX)-OEt by 500-1250 fold. Replacement of die Zgioup 

15 (PhCH20CX>-) by similar groups such as PhCH2CH2CO-, PhCH2CH2S02-, PhCH2NHCX>- 
, and PhCH2NHCS- wouU also result in good inhibitor structures. Extending die R group to 
include icmger alkyl groups or alkyl groups substituted with phenyl groups would increase the 
membrane permeability of this inhibitor. Dipepdde and tripeptide ketoesters with small aliphatic 
anuno acid residue or Rie in the Pj site are also good inhibitors for papain and cathepsin B. Z- 

20 Phe-Rie-CO0Et,Z-Ala.Ala-Nva-C0-0Et,and 

MeO-Suc-Val-Pro-Phe-CO-OMe are potent inhibitors of cathepsin B, and replacement of die Z 
(PhCH20C0-) or MeO-Suc- group by PhCH2CH2CO., PhCH2CH2S02-. PhCH2NHC0-, 
and PhCH2NHCS- would also result in good inhibitor structures. Z-Ala- Ala*Abu-CO-OBzl 
inhibits p^ain ca. 30 fold less potendy dian Z-Ala-Ala- Abu-CO-OEt , dius changing die benzyl 

25 group to a smaller alkyl group such as methyl, or propyl would make better papain inhibitors. 

Table IV shows the inhibition constants (Kj) for cathepsin B, calpain I, and calpain n 
with peptide ketoamides. Dipepdde a-ketoamides widi Abu and Phe in die P| site and Leu in 
the P2 site are potent inhibitors of calpain I and calpain n. Z-Leu-Abu-CONH-Et is a better 
inhibitor of calpain I dian Z-Leu-Phe-CONH-Et by 14 fold. Replacement of the Z group 

30 (PhCH20C0-) by similar groups such as PhCH2CH2CO-, PhCH2CH2S02-. PhCH2NHC0- 
, and PhCH2NHCS- would also result in good inhibitor structures. The best inhibitor of 
calpain n is Z.Leu-Abu-CONH-(CH2)2-Ph- Changing die R3 and R4 groups significandy 
improves the inhibitory potency toward calpain U. The best dipeptide inhibitors are those 
which have long alkyl side chains (e.g. Z-Leu-Abu-CONH-(CH2)7CH3), alkyl side chains 

35 with phenyl substituted on die alkyl group (e.g. Z-Leu-Abu-CONH-(CH2)2-Ph), or alkyl 

groups with a morpholine ring substituted on die alkyl group te.g. Z-Leu-Abu-CONH-(CH2)3- 
Mpl, Mpl = -N(CH2CH2)201. Dipeptide a-ketoamides with a small aliphatic amino acid 
residue or a Phe in the Pi site are also good inhibitors for cathepsin B. The best inhibitor is Z- 
Leu-Abu-CONH-Et and replacemem of die Z (niCH20C0-) by niCH2CH2CO-. 
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PhCH2CH2S02-, PhCH2NHCO-, and PhCH2NHCS- would also result in good inhibitor 
strucnucs. 

Peptide a-ketoamides and pepdde ketoamides were substantially more stable in both 
plasma and liver than die conesponding peptide a-ketoesters (Table IV). The pepdde a- 
5 ketoamides and ketoacids were also much more effective in die platelet Extendiiig die 
R3 group to an alkyl gioup or an alkyl group subsdtuied with a phenyl group increased the 
manbrawpenneability of inhibitors as indicated by increased potency in the platelet assay. 

InhilHtion Mechanism, A ciyscd structure of one Orketoester bound into die acdve site 
of porcine pancreatic elastase has been conqdeted and a schematic drawing of die interactions 

10 observed is shown bek>w. The active site S^-19S oxygen of die en^me has added to die 
carbonyl group of the ketoestcr to fonn a tetrahedral intermediate which is stabilized by 
interactions with the oxyanion hole. This structure resembles the tetrahedral intermediate 
involved in peptide bond hydrolysis and proves that a-ketoesters are transition-state analogs. 
His-57 is hydrogen bonded to the carbonyl group of the ester functional group, the peptide 

IS backbone on a section of PPE*s backbone hydrogen bonds to die inhibitor to form a P-sheet, 
and the benzyl ester is directed toward die S' subsites. The side chain of die P^ amino add 
residue is located in die Sx pocket of die enzyme. Interactions with ketoamides wouki be 
similar except for that there wouki be the possibility of forming an additional hydrogen bond 
with die NH group of die ketoamide functional group if R3 or R4 was H. If R3 and/or R4 are 

20 longer substutuents, then they would make favorable interactions with the S' subsites of the 
en^me. In the case of ketoacids, diere wwld be no R group to interact widi the S' subsites 
and these inhibitors would be slighdy less potent than the ketoesters and ketoamides. 




subsites 



25 The active site of cysteine proteases share several features in common with serine 

proteases including an active site histidine residue. In place of die Ser- 195, cysteine proteases 
have an active site cysteine residue which would add to die ketonic carbonyl group of the 
peptide keto acids, keto esters, or ketoamides to form an adduct very similar to the structure 
depicted above except widi a cysteine residue replacing die serine- 195 residue. Additional 
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interactiOTs would occur between the extended substrate binding site of the cysteine protease 
and the inhibitor which would increase the binding affinity and specificity of the inhibitors. 

Inhibitor Design and Setectton. The peptide and amino acid a-ketoester. a-ketoacid. 
and a-ketoandde derivatives, as shown in the above crystal structure, bind to die enzymes 
using many of the interaetioiis that are found in complexes of a parti^^ 
with its substistBS. In order to design an inhibitor for a particular serine or qrsteine protease, it 
is necessary to: 1) find die amino acid sequences of good pqitide substrates for dtat enzyme, 
and 2) place diose or similar amino add sequences into a a-ketoesto-, a-keioacid, cr a- 
ketoamide structure. Additional interactions with die enayme can be obtained by taikMing die R 
group of the inhibitor to imitate die amino add residues which are prefened by an individual 
protease at die Si' and 82' subsites. For example, ketoesiers with R = branched alkyl groups 
wouU interact efiGKtivefy widi serine and (TstdiK proteases which prefCT 
residues at Pf and/or P2', while ketoesters and amides widi R = alkyl substituted witii phenyl 
wouU interact effiectively widi serine and cysteine proteases which prefer Phe, Tyr, Trp 
15 residues at Pf and/or P2'. Likewise, die Mi group can be tailoied to interact widi die S 
subsites of die en^rme. This design strategy will also w<^ when odier classes of peptide 
inhibitors are used in place of die peptide substrate to gain information on die appropriate 
sequence 10 place in die ketoester, ketoacid, or ketoamide inhibitor. Thus, we are able to 
predfct die sirucinre of new inhibitors for odier serine and cysteine proteases based on 
20 knowledge of dieir substrate specificities. Once a good inhibitor structure for a particular 
enzyme is found, it is dien possible to change odier characteristics such as sohibility or 
hydrcphohicity by adding substinients to die Mi or R, R3, and R4 groups. 

Bastase is an enzyme which hydnrtyzes most effectively tetra- and tripeptides having Pj 
residues widi small alkyl side chains such as Ala and VaL MeO-Suc-Ala-Ala-Ala-Val-NA and 
25 Z-Ala-Ala-Ala-Ala-NA are good substrates (NA = 4.nitroamlide). Thus die corresponding a- 
kctoesters Z-AtarAla-Ala-DL-Ala-CCWEtandMeO-Suc-Ala-Ala-Pro-DL-Abu-COOMe are 
excdlent elastase inhibitors. Suc-Phe-Leu-Phe-NA is an excellent substrate for chymotrypsin. 
cadiepsin G. and mast ceU chymases. Thus, die corresponding a-ketoester is an exceUent 
inhibitor for diesechymotrypsin-like enzymes. In die case of die cysteine protease calpain, a 
30 good inUbttor sequence is Ac-LeurLeu-Nle-H. We have found dutt ketoesters related in 

structure sudi as Z-Leu-Abu-COOEt and Z-Uu-Nk-COOEt are potent inhibitors for calpain. 
We have also found diat ketoamides related in structure such as Z-Uu-Abu-CO.NR3R4 and Z- 
Leu-Phe-CO-NR3R4 arc potent inhibitors for calpain. 

TTie foUowing strucnires are predicted to be potent inhibitors for die Usted enzymes. 
TTie inhibitor sequences were obtained from peptide substrate and/or inhibitor sequences in die 
protease literature. 

Z-Gly-Leu-Phe-CO-Q-R for cathepsin G and RMCP H 

MeO-Suc-AIa-Ala-Pro-Met-CO-Q* for cadiepsin G 

Boc-Ala-Ala-Asp<:0-Q.R for human lymphocyte gramcyme 6 



35 
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Suc-Pto-Leu-Phe-CO-Q-R and Boc-Ala-Ala-Phe-CO-Q-R 

for KMC? I (RMCF s nu mast cdl 

protease) 

Boc-Gly-Leu-Phe-CO-Q-R, Suc-Phe-Leu-Phe-CX>-Q-R 
^ for human and dog skin cfaymase 

Boc-Ala-AlarGhi-CO-Q-R for S. aureus V-g protease 

Z-Gly-Gly-Eio-OO-Q-R for human prolyl cndopqiddase 

Ala-Pta^COQ-R forDPPIV 
Suc-Ala-Ala-Pro-Val-CO-Q-R forPPE 
10 Suc-Lys(Cbz)-Val-Pro-Val-CO.Q-R, adamantyl-S02-Lys(COCH2CH2C02H)-Ala-Val-CO-Q- 
R, adamantyl-CH2CH20C0431u(0-r-Bu)-Pio-Val-C(>Q-R, and adamantyl-S02-Lys(C0- 
C6Ei4CP2lQ-A]a-Val-CO-Q-R for human leukocyte (neutroiriiiQelastase 

Suc-Ala-Ala-Pio-Leu-OOQ-R for elastolytic proteinase ftom 

"Schistosoma mansoni" 

15 Glu-Phe-Lys-CO-Q-R and Dns-Ala-Phe-Lys^O-Q-R 

forplasmin 

D-Val-Gly-Arg-CO-Q-R and Dns-GUi-Gly-Arg-CO-Q-R 

for factor Xa 

Z-Ric-Arg-CO-Q-R and Z-Trp- Arg-CO-Q-R 
20 for poicine pancreatic and human plasma 

kaHikieins 

Z-Lys-Aig-COQ-R for human skin oyptase 

Z-Gly-Aig-CO^R for human lung ttyptase 

Z-De-Ala-Gly-Arg-CO-Q-R for factors Ka. Xa, XIa, XHa and 

25 bovine plasma kallikrein 

GIu<}ly-Aig-CO-Q-R for urokinase 

Dns-Phe-Pro- Arg-CO-Q-R for plasminogen activator 

Dns-ne-Pro- Arg-CO-Q-R for activated proieinC 

Z-Tip-Arg-CO-Q-R for bovine factor DCa 

30 2y<jly-Aig-CO-Q-R for bovine factor Xa and XIa 

Z-Phe-Arg-CO-Q-R for bovine factor Xlla 

Dns-Qu-Gly-Arg-CO-Q-R for human factor Xa 

D-Phe-Pro-Aig-CO-Q-R, D-MePhc-Pro-Arg-CO-Q-R, and 
Boc-D-Phe-Pro-Arg-CO-Q-R for human dirombin 

35 Z-Phe-Gly-Arg-CO-Q-R for trypsin 

a-C6H4CH20CO.Phe-Gly-COO-n-Bu for papain 

C6H5CH2NHCO.Gly-Phe-Gly-CO-0-rt-Pr 

forcadiepsinB 
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where Q is O for ketocsters; and R is selected from the group consisting of H, C1.20 
alkyl, C1.20 alkyl with a phenyl group attached to the Ci.20 allcyl, and C1.20 alkyl with an 
attached phenyl group substituted with K. 
where Q-R is OH for ketoacids. 
5 where Q-R is -NR3R4 and R3 & R4 are selected independently from the group 

consisting of C1.20 alkyl, C1.20 cyclized alkyl, C1.20 alkyl with a phenyl group attached 
to the C1.20 alkyl. C1.2O cydized alkyl with an attached phenyl group, C1.20 alkyl with an 
attached phenyl group substituted with K, C1.20 alkyl with an attached phenyl group 
disubstitutcd with K, Ci-20 alkyl with an attached ptenyl group trisubstimted with C1.20 

10 cyclized dlkyl with an attached phenyl group substituted with K, Cj.iq alkyl with a morpholinc 
[-N(CH2CH2)0] ring attached through nitrogen to the alkyl Cj.io alkyl with a piperidine ring 
attadied through mtrogen to die alkyU Ci.io alkyl with a pym 
nitrogen to the all^l, C1.20 allg^l with an OH group attached to the alkyl - 
CH2CH2OCH2CH2OH, Ci.jo with an attached 4-pyridyl group, Ci.iq with an attached 3- 

15 pyridyl group, Cj.io with an attached 2-pyridyl group, Cj.io with an attached cyclohexyl 
group, -NH-CH2CH2-(4-hydroxyphenyl), and -NH.CH2CH2-(3-indolyl). 

In Vitro Uses. To use the above inhibitors in vitro, they arc dissolved in an organic 
solvent such as dimethylsulfoxide or ethanol, and arc added to an aqueous solution containing 
serine and/or cysteine proteases. The final concenmrion of the organic solvent should be less 

20 tiian 25%. TTie inhibitors may also be added as solids or in suspension. The serine and 
cysteine protease inhibitors of this invention would be useful in a variety of experimental 
procedures where proteolysis is a significant problem. Inclusion of tiiese inhibitors in a 
radioimmunoassay experiments would result in higher sensitivity. The use of diese inhibitors 
in plasma fractionation procedures would result in higher yields of valuable plasma proteins and 

25 would make purification of the proteins easier. The inhibitors disclosed here could be used in 
cloning experiments utilizing bacterial cultures, yeast and human ceUs to yield a purified cloned 
product in higher yield 

The novel compounds of this invention are effective in die prevention of unnecessary 
proteolysis caused by chymottypsin-like, elastases, and trypsin-like enzymes in the process of 

30 purification, transpon and storage of peptides and proteins as shown in Tables I, n, m, and IV 
by effective inhibition of chymotrypsin, elastase, trypsin, and other serine & cysteine 
proteases. 

In Vivo Uses, Effective inhibitors of the proteolytic function of human leukocyte 
elastase and human catiiepsin G (Tables I and IV) would have anti-inflammatoiy activity and 
35 can be used to treat and control emphysema, adult respiratory distress syndrome and 
rfieumatoid arthritis. Effective inhibitors of die proteolytic function of chymotrypsin and 
pancreatic elastase fTables I and IV) are effective for dierapeutic use in ireaonent of pancreatitis. 

Various a-kctoesters have anticoagulant activity as shown in Table n by eflfective 
inhibition of die proteolytic function of blood coagulation enzymes in Hepes buffer. Other 
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pepdde a-kaocstBts have anti-tumor activity as shown in Table E by the effective inhibition of 
the pRMBofytic fimction of human plasmaplasmin. 

Peptide a-tetoesters can be used to control protein turnover, muscular dystrophy, 
myocardial tissue damage, tumor metastasis, and bone resorption as shown in Tables IH and IV 
5 by effective inhibition of lysosomal cathepsin B in buSsr. Peptide a-ketoesters can also be 
used as neuioprotectants or for ti» tieatmem of ischemia, stroke or Alzheimer's disease as 

shown in Tables ffl and IV by effective inhibiton of calpain I and calpain IL 

Qmsiderable evidence has showii tiiat leukocyte dastase and/or idaied enzymes 

role in tumor ceU metastasis [Sato etaL./iu:/.CaiiaT 30. pp 669-673 (1973); Kao et aL, 
10 Biochan. Bhphys. Res. Comm. 105, pp 383-389 (1982); Powers, J. C. in Modification of 
Proteins. R. E Feeney and J. R. Whitaker. eds.. Adv. Chem. Ser 198, Amer. Chem. Soc, 
Wash.. D. C. pp 347-367 (1982); all incorporated herein by reference], therefore it is 
suggested that corapounds of fliis invention may have anti-tumor activity. 

Pulmonary emphysema is a disease characterized by progressive loss of lung elasticity 

15 due to die destruction of lung elastin and alveolL Hje destructive changes of lung parentchyma 
associated witii pubnonaty en^lqfsema are caused by uncontrolled proteolysis in lung tissues 
[Janoff, Chest 83, 54-58 (1983); incorporated herein by reference]. A number of proteases 
have been shown to induce emphysema in animals {Marco et al.. Am. Rev. Respir. Dis. 104, 
595-598 (1971); Kaplan,/. Lab. CUn. Med. 82, 349-356 (1973); incorporated herein by 

20 rrference], particularly human leukocyte elastase [Janoff, ibid 1 15, 461-478 (1977); 

incoipotated herein by reference]. Leukocyte dastase and otiier mediators of inflammation also 
appear to play a lolc in diseases such as mucocutaneous lymph node syndrome [Reiger et al.. 
Eur. J. Pe^axr. 140, 92-97 (1983); incorporated herein by rrficrence] and adult respirattny 
distress syndrome [Stockley, CUideal Science 64. 119-126 (1983); Lee et al.,iV. Eng. J. Med. 

25 304, 192-196 (198 1); Rinaldo, ibid 301, 900-909 (1982); incorporated herein by reference]. 
It is known Aat in vitro activity of dastase inhibitors correlates witii in vivo activity in 
ammal models of emphysema and inflammation [Ottemcss et aL, editws, Advances in 
Inflammation Research. VoL 11, Raven Press 1986; incorfwratied herein by reference]. 
Prophylactic adminisnation of an inhibitor of dastase significant^ diminishes the extent of 

30 elastasc-induced emphysema [Kleincrman et al.. Am. Rev. Restr. Dis. 121, 381-387 (1980); 
Lucey et aL, Eur. Respir. J. 2, 421-427 (1989); incorporated herein by reference]. Thus die 
novel inhibitors described here should be useful fior die treatment of emphysema and 
inflammation. Elastase inhibitors have been used aaOy, by injection, or by instillation in die 
lungs in animal studies (Powers, Am. Rev. Respir. Dis., 127. s54-s58 (1983); Powers and 

35 Bengali, Am. Rev. Respir. Dis. 134, 1097-1 100 (1986); diese two articles are incorporated 
herein by reference). The inhibitors described above can be used by any of tiiese routes. 

Drug Delivery. For therapeutic use. die peptide a-ketoesters, a-ketoanudes, and Or 
ketoacidsm^ be administered orally, tepicalty or parenterally. The term parenteral as used 
includes subcutaneous injection, intravenous, int ramu scula r , inixastenial injection or infusion 
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techniques. The dosage depends primarily on the specific fomulation and on the object of the 

therapy or prtq)hylaxis. The amount of the individual doses as well as the adnrinistraiion is best 
determined by individually assessing the particular case. 

TTw pharmaceutical compositions containing the active ingredient may be in a fonn 
suitable for oral use. for example as tablets, troches, lozenges, aqueous or oily suspensions, 
dispersible powders or granules, enmlsions. hard or soft capsules or syrups or elixirs. Dosage 
levels of the order to 0.2 mg to 140 mg per Idlogiam of body weight per day are useful in die 
tieatmentofabove-indicatedconditions(10nigtD7gnisperpatiemperday). Hieaioountof 
active ingredient that may be combined widi carrier materials to produce a single dosage form 
will vary depending upon the host treated and die particular mode of administration. 

For injection, die dierapeutic amount of die peptide o-ketoesters. a-ketoamides. and O- 
ketoacids or dwir pfaannaceutically acceptable salts wiU normally be in die dosage range from 
02 to 140 mg/kg of body weight Administration is made by intravenous, intramuscular or 
sttbscutaneous ii^ection. Accordingly, pharmaceutical compositions for parenteral 
15 administration will contain in a single dosage form about 10 mg to 7 gms of die compounds per 
dose. In addition to die active ingredient, diese pharmaceutical compositions wiU usuaUy 
contain a buffer, e.g. a phosphate buffer which keeps die pH in die range from 33 to 7 and 
also sodium chloride, mannitol or sorbitol for adjusting die isotonic pressure. 

A composition for topical appUcation can be formulated as an aqueous solution, totion, 
20 jelly or an oUy solution or suspention. A composition in die form of an aqueous solution is 
obtained by dissolving die compounds of diis invention in aqueous buffer solution of pH 4 to 
6.5 and if desiied, adding apolymeric binder. An oily formulation for topical application is 
obtained by suspending die compounds of diis invention in an oU. optionally widi die addition 
of a swelling agent such as aluminium stearate and/or a sui^tant 

25 

SYNTHETIC METHODS 
TTie ketoestcr inhibitors are prepared by a two step Dakin-West procedure. This 
procedure can be utilized widi eitiier amino add derivatives, dipeptide derivatives, tripeptide 
derivatives, or tetrapeptide derivatives as shown in die following scheme. 

M,— AA-OH Enol Ester »> M^— AA-CO-O-R 

M,— AA-AA— OH ^ Enol Ester -►M,— AA-AA— CC^O-R 

M,— AA-AA-AA-OH ^ Enol Ester — ^M,— AA-AA-AA-CO-O-R 

M,—AA-AA-AA-AA— OH Enol Ester -^M,— AA-AA-AA-AA— CO-O-R 



30 
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The precuzsar pq)tide can be piepaied using standard peptide chemistry which is weU described 
in publications such as The Peptides. Analysis, Synthesis, Biology, Vol. 1*9, published in 
1979-1987 by Academic Press and Houben-Weyl Methoden der Organischen Chemie, VoL 15, 
Parts 1 and 2, Synthese von Pepdden, published by Georg Thieme Verlag, Stuttgart in 1974 
S (both references incorporated hoein by reference). 

The Mx group can be introduced using a number of different reaction schemes. First it 
could be introduced direcdy on an amino acid as shown in the following scheme (top), or the 
Ml group could be introduced by reaction with an amino add ester, followed by removal of the 
ester group to give the same product (bottom). 

0 

H-AA-OH ^ Ml— AA-OH 

H-AA-0 R' ^ Mt— AA-0 R' m^—aA-OH 

The techniques for introduction of the Mx group is well documented in the The 
Peptides, Houben-Weyel, and many other texd)ooks on organic synthesis. For example 
reaction with cyanate or p-nitropheny 1 cyanate would introduce a carbamyl group (Mx = 

5 NH2CO-). Reaction with Me2NCXX3 would introduce the Me2N(X)- group. Reaction with 
nitrophenyl thiocarbamate would introduce a thio carbamyl group (Mx = NH2CS-). Reaction 
with NH2SC)2C1 would introduce the NH2SC)2- group. Reaction with Mc2NS02a would 
introduce the Me2NS02- group. Reaction with a substituted alkyl oc aryl isocyanate would 
introduce the X-NH-CX> group where X is a substituted alkyl or axyl group. Reaction witii a 

0 substituted alkyl or aryl isothiocyanate would introduce the X-NH-CS- group where X is a 
substututed alkyl or aryl group. Reaction with X-SO2-CI wouM introduce the X-S02- group. 
Reaction with a substituted alkyl or aryl add chloride would introduce an acyl group (M « X- 
C0-). Fbr example, reaction with MeO-CO-CH2CH2-CO-Cl wouU give the X-CO- group 
where X is a C2 alkyl substituted with a Cx aDcyl-OCO- group. Reaction with a substituted 

S alkyl or aryl thioadd chloride wouM introduce a thioacyl group (M = X«CS-). Reaction with an 
a substituted alkyl or aryl sulfcmyl chloide would introduce an X-SO2- group. For example 
reaction with dansyl chloride would give the X-SO2- derivative where X was a naphthyl group 
mono substituted with a dimethy lamino group. Reaction with a substinited aDcyl or aryl 
chbroformate would introduce a X-OCO- group. Reaction with a substimted alkyl or aryl 

0 chlorothioformate would introduce a X-0-CS-. There axe many alternate reaction schemes 
which could be used to introduce all of the above Mj groups to give dther Mj-AAOHorMx- 
AA-OR'. 

The Mx-AA-OH derivatives could tiien be used directiy in the Dakin-West reaction or 
could be converted into the dipeptides, tdpeptides, and tetrapeptides M|-AA-AA-OH, Mx-AA- 
5 AA-AA-OH, or Mx-AA-AA-AA-AA-OH which could be be used in the Dakin-West reacti<m. 
The substituted peptides Mi-AA-AA-OH, Mi-AA-AA-AA-OH, <ff M-AA-AA-AA-AA-OH 
could also be prepared directly from H-A A-AA-OH. H- AA-AA- AA-OH, or H- AA- AA-AA- 
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AA-OH using the reactions described above for introduction of the M group. Alternately, the 
M group could be introduced by reaction with carboxyl blocked peptides to give Mi-AA-AA- 
OR', Mi-AA-AA-AA-OR", or Mi-AA-AA-AA-AA-OR'. followed by the removal of the 
blocking group R'. 

5 *^Rl8»»V in the ketoester structures is introduced during the Dakin-Westreac^ 

byreactionwidianoxalylchteidea<X>COO.R. For example, reaction of Mi-AA-AA-OH 
withethyloxalylchkttidea-CXWX)-O.EtgivestheketoesterMi^^^ Kcacuon 

ofMi-AA-AA-AA-AAOH with a<X)<X)^Bzlwoukl give the kaocsterMi-AA-^^ 
AA-COO-BzL Cleariy a wide variety of R groups can be inttcduced into the ketoester 

10 stjucmre by reaction with various alkyi or aiylalkyl oxalyl chlorides (Q-CO-CO-O-R). TTie 
oxaiyl chlorides are easUy prepared by reaction of an alkyl or aiylalkyl alcohol with oxalyl 
chloride a-CXJ-CO-a example. Bd-aCO-CO^n and n-Bu-0<:CK:CK3 are prepared 
by reaction of respectively benzyl alcohol and butanol with oxalyl chloride in yields of 50% and 
80% (Watren, C B.. and Malee. E,J.. J. Chromatography 64. 219-222 (1972); incorporated 

15 herein tqr reference]. 

Ketoacids Mi-AA<X>OH. Mi-AA-AA-OC^OH, Mi-AA-AA-AA^TO-OH. Mi-AA- 
AA-AA-AA-COOH. are genenUly prepared from the coirespoading ketoesters Mi-AA-CO- 
OR. Mi-AA-AA-COOR, Mi-AA-AA-AA-COOR, Mi-AA-AA-AA-AA^TO^R by alkaline 
hydrolysis. In some cases, it may be necessary to use other methods such as hydrogenolysis 

-0 ofabenzyIgroup(R = BzI)oracidcleavage(R = r-butyl)toobtainti.eketoacid. TTiealtemate 
methods would be used when the M group was labile to alkaline hydrolysis. 

Ketoamides M1.AA-OO.NR3R4, M-AA-AA-CX)-NR3R4. M-AA-AA-AA-CO-NR3R4 
M-AA-AA-AA.AA-CO-NR3R4wereprepa«duidirecUyfiomti»eketoestBis. TTieketone 
carixmyl group was first protected as shown in the folbwing scheme and then the ketoamide 

25 was prepared by reaction widi an amine H-NR3R4. The illustrated procedure should also work 
with other protecting groups. In addition, the corresponding ketoacid could be used as a 
prtcursor. Blocking die ketone cariwnyl group of the ketoacid and ti«n coupling witi. an amine 
H-NR3R4 using standard peptide coupling reagents wouU yield an intermediate which could 
then be deblocked to form the ketoamide. 
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Ri O Ri O 

I H-NR3R4 



M1-AA2' 



H O '^3 



General Symhedc Methods. Unless otherwise noted, materials weie obtained from 
comxnercial suppliers and used without further purification. Melting points were taken with a 
Buchi capillary apparatus and are unconected. ^ H NMR spectra were detemuned on a Varian 

5 Gemini 300. Chemical shifts are expressed in ppm (5) relative to internal tetramcthylsilane. 
Flash column chromatography was performed with Universal Scientific foe. silica gel 0-63. 
Election-impact mass spectra (MS) of novel compounds were determined with a Varian MAT 
1 12s spectrometer. The purity of all compounds was checked by thin4ayer chromatography 
on Baker Si2S0F silica gd plates using the following solvent system: A, CHOjZMcOH = 20:1 

10 vrv: B, CHCl^itAsOH = 100:1 v/v; C, AcOEt; D, CHCI3 MeOH = 10:1 v/v; E, 

n-BuOH:AcOH:py:H20 = 4:1:1:2 v/v; F, CHCl3:MeOH = 5:1 v/v: G, AcOEtMeOH = 10:1 
v/v: H, (i-Pr)2a, I, CHCl3:MeOH:AcOH « 80:10:5 v/v; J, C:HCl3:MeOH:AcOH = 95:5:3 v/v: 
K, AcOEcAcOH = 200:1 v/v; CHCI3; M, CHa3:MeOH = 50:1 v/v 

Amino acid methyl ester hydrochlorides were prepared according to M. Brenner et 

15 al.[//c/v. Chem. Acta 33. 568 (1950); 36, 1 109 (1953)1 in a scale over 10 mmol or according 
to Rachele [/. Org. Chem. 28,. 2898 (1963)1 in a scale of 0.1-1.0 mmol. 

DL-Nva-OCHj-HCl, 
L-Ilc-OCHj-HCl, 
20 L-Phe-OaijHa. 
DL-Abu-OCHj'HCl, 
L-Leu-OOlj-HCl 
DL.Nle-(X3l3-Ha 
4.a.Phe-<XH3-Ha 

25 N-Acylamino acids was synthesized via Schotten-Baumarm reaction [M. Bergmann, L. 

Zervas, Chem. Ber. 65, 1 192 (1932)] in the case when die acyl group was phenylsulphonyl, 
2-naphthylsulphonyl or benzoyl. 



Yidd(%) 


nip(°C) 


nLp. (literature) 


100 


113-116 


116-117 


98 


90-91 


98-100 


98 


159-161 


158-160 


100 


148-150 


150-151 


100 


145.5-146J 


147 


93 


120-121 


122-123 


98 


184-185 (decomp.) 


185-186 



SUBSTITUTE SHEET 



wo 92/12140 



PCr/US91/09801 



-39- 



10 



Yield (%) 


mpCO 


TLCCRpduent) 


49 


115-116 


0.58 I 


51 


150-151 


0.50 I 


57 


148-148.5 


0.48 K 


44 


142-143 


0.51 K 


64 


141-142 


0.64 K 



Z-NapSOj-L-Leu-OH 
2-NapS02-DL-Abu-OH 
2-NapS02-L-Phe-OH 
PheSO^.DL-Abu-OH 
PhCODL-Abu-OH 

N-Acylamino acids with 4-mcthylpentanoic, 2-(l-propyl)pentanoic and 
7-phcnylhcptanoic group was synthesized in a two step synthesis. The N-acylamino add 
methyl esta was obtained fint and then was hydiolysed to the free N-acylamino acid. 

N-Acylamno Add Methyl Esters (General Procedure). To a chilled (10 "Q sluny of 
the appropriate amino acid metiqrl ester hydrochloride (20 mmol) in 1 00 ml benzene was ?^dff1 
slowly (temp. 10- 15 "^Q 40 mmol triediylamine or N-methybnorpholine and then the reaction 
mixture was stirred for 30 minutes at this temperanire. Then 18 mmol of appropriate acid 
chloride (temp. 10-15 ^'C) was added slowly to the reaction mixtore and the reaction mixture 
15 was stirred overnight at room temperanire. The precipitated hydrochloride was filtered, washed 
on a funnel with 2 x 20 ml benzene, and the collected filtrate was washed successively with 2 x 
50 ml 1 M HCl, 2 X 50 ml 5% NaHCOj, 1 x 100 ml H^O, 2 x 50 ml satd. NaQ and dried over 
MgSO^. After evaporation of the solvent in vacuo (rotavaporator), the residue was checked for 
purity (TLC) and used for the next step (hydrolysis). 
20 Yield (%) mp(^ 

(CH3)2CH(CH2)2CO-DL-Abu-OCH3 80 oil 

(CH3CH2CH2)2CHCO-DL-Abu-OCH3 96 1 17-1 18 

Ph(CH2)gCO-DL-Abu-OCH3 72 oil 

Hydrolysis (General Procedure). To a solution of 10 mmole of the appropriate 
25 N-acylamino acid methyl ester in 100 ml of medianol was added in one portion 1 1.25 ml of 1 
M NaOH (1 1.25 imnol) and the reaction mixoire was stirred tiiree houn at room temperatuie. 
Then the reaction mixnire was coded to 0^ (ice-salt batii) and acidified to pHs 2 1 M 
HQ aq. To tiiis reaction mixmre was added 100 ml eAyl acetate, transferred to a sepaiatory 
funnel and organic layer separated. The water layer was saturated with solid NaCl or 
30 (NH^)2S0^ and recxtractcd with 2 x 50 ml AcOEl The collected organic layer was washed 
witii 2 x 50 ml HjO, decolorized with carbon, and dried over MgSO^. After evaporation of the 
solvent in vacuo (rotavaporator), ±c residue was checked for purity (TLC) and in the case of 
contamination was crystallized from an appropriate solvent. 

Yield (%) mpCC) 
35 (CH3)2CH(C3i2)2CO-DL-Abu-OH 92 1 10.5- 1 12 

(CH3CH2CH2)2 CHCO-DL-Abu-OH 99 126-127 (n-octane) 

Ph(CH2)6CO.DL-Abu.OH 89 i lO-l 12(n.octanc) 

N-Acyldipeptide metiiyl esters were syndiesized via the HOBt-DCC mediod in a DMF 
solution fKonig and Geiger, Chem, Ber. 103, 788 (1970)]. 
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Yield (%) 


mpCQ TLCCRpCluent) 






fin 


112*113 


0.37 B 




Z-Leu-L-Phe-OCH^ 


83 


86-87 


n 9c A 
U.oO A 










U.i}9 D 


c 






nil 


o.yy A 










0.43 B 




Z-Leu-DL-Abu-OQ^ 


99 


86-88 


0.33 B 










0.26 H 




Z-Lea-L-Leu-OCH^ 


80 


91-92 


0.79 G 


10 


Z-I^u-DI^^^^u•OCH3 


97 


Ul-UlJ 






Z-Lea-4<n-Phe-OC3i3 


6S 


112-132 


0.77 J 








(liquid aystal?) 


0.68 K 




2-NapS02-Lcu-DL-Abu-OCH2 


99 


oil 


0.59 A 




2-NapS02-Leu-L-Lcu-CXZH3 


90 


97-98.5 


0.63 A 


15 


N-Acyldipq}tides woe obtained by hydrolysis of the appropriate methyl esters via a 



general hydrolysis procedure. In the case of N-sulphonyldipeptide methyl esters, 1 equivalent 
of the methyl ester was hydrolyzed with 125 equivalent of 1 molar NaOH because of form a 
sulfonamide sodium salt 







Yield (%) 


mpfO 


TLC 


(Rf,eluem) 


20 


Z-Leu-DL-NVa-OH 


100 


117-U8J 


0.11 


A 




Z-Leu-L-PheOH 


92 


105-106J 


0.28 
0.55 


C 
G 




Z-Leu-L-ILe-OH 


79 


77-79 


0.22 
0.52 


A 
C 


25 


Z-Lea-DL-Abu-OH 


99 


glass 


0.61 


G 




Z-Leu-L-Lcu-OH 


97 


glass 


0.56 


I 




Z-Leu-DL-NLeu-OH 


98 


95-96 








Z-Lcu-4-a-Phe-OH 


87 


104-114 
(liquid ciystal?) 


0.48 


K 


30 


2-NapSO2-Leu-DL.Abu.OH 97.4 


180-195 (decon^) 


0.58 


I 




2-NapS02-Leu-L-Leu-OH 


94.0 


68-70 


0J2 


I 



N-Acytripeptide methyl esten were synthesized via HOBt-DCC mediod in DMF 



soludon [Konig and Geiger, Chem. Ber. 103» 788 (1970)]. 

Yield (%) mpCQ TLC (Rp eluent) 

35 Z-Lcu-Lcu-Abu-OCRj 87 140-141.5 0.50 A 

Z-Lcu-Leu-Phc-OCHj 76 158-159 0,83 J 

2-NapSO2-Lcu-Leu-Abu-0CH3 97 >200 0.52 A 

N- A^ltiipeptide were obtained through hydrolysis of the appropriate methyl esters via 
general hydrolysis procedure. In the case of N-sulphonyld:q)epdde methyl ester, 1 equivalent 
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of mediyl ester was hydrolyzed with 125 equivalent of 1 molar NaOH to form the sulfonamide 
sodium salt 





Yield 


mp (°C) TLC (Rf, eluent) 


Z-Leu-Leu-Abu-OH 


97 


glass 0.69 I 


Z-Leu-Leu-Phe-OH 


98 


glass 0.44 K 


2-NapS02-Leu-Leu-Abu-OH 


85 


193-195 (decomp) 0.53 I 






0.32 J 



The following detailed examples are given to illustrate the invention and are not intended 
10 to limit it in any manner. 

EXAMFLEl 

Z-AIa-DL-Ala-COOEt This compound was synthesized by a modified Dakin-West 
procedure [Charles et al., /. Chem. Soc. Perldn /, 1 139-1 146, (1980)]. To a stincd solution 
of Z-Ala-Ala-OH (880 mg, 3 mmole), 4-dimcthylaminopyridine (15 mg, 0.31 mmole), and 
IS pyridine (0.8 mU 10 mmole) in tetrahydrofuran (3 mL) was added ethyl oxalyl chloride (0.7 
mL, 6 mmole) at a rate sufficient to inidate refluxing. The mixture was gently refluxed for 3.5 
h. The mixture was treated with water (3 mL) and stirred vigorously at room temperature for 
30 min* The mixture was extracted wiA ethyl acetate. The organic extracts were dried and 
evaporated to obtain the residue ( 1.45 g). The residue was chromatographed on silica gel and 
eluted with CH2CI2 to give the enol ester product, oil (500 mg, 37%); single spot on tic, Rf2 s 
0,67(CHa3:MeOH = 9:l);MS,m/e = 451 (M++1). To a stined suspension of the enol ester 
(210 mg, 0.47 mmol) in anhydrous ethanol (1 mL) at room temperature was added dropwise a 
solution of sodium ethoxide in ethanol until a clear yellow solution resulted. The ethanol was 
then removed and the residue was treated with ether. The ether soludon was washed with 
water, dried, and evaporated to give a residue. This residue was chromatographed on a silica 
gel and the product was duted with methylene chloride. The solvent was removed, and the 
pepdde ketoester Z-Ala-DL-Ala*C02Et was obtained as an semi-solid (150 mg, 92 %)i single 
spot on dc, Rfl 0.58 (CHClyMcOa = 5:1); MS, m/e = 351 (M++1). Anal. Calcd. for 
Ci7H2206N2-l/3H20:C 57.29; H, 6.22; N, 7.86. Found: C, 57.23; H, 6.36: N, 8.17. 

EXAMPLE2 

Z«Ala-Ala*DL«Ala-C02Et This compound was prepared from Z- Ala-Ala-Ala-OH 
using the same procedure as described in Example 1 . The product was crystallized from ethyl 
ether in 23% yield; single spot on tic, Rf2 = 0.31 (CHasiMeOH = 9: 1 ); mp 143- 144 *»C; MS, 
m/e = 421 (M+). AnaL Calcd. for C20H27O7N3: C, 56.99; H, 6.46: N. 9.97. Found: C. 
56.96: a 6.49; N, 9.92. 

EXAMFLE3 

Z-Ala-Ala-DL-Abu-C02Et. This compound was prepared from Z-Ala-Ala-DL- 
Abu-OH in 1 1% yield by the procedure described in Example 1 ; single spot on tic, Rf^ » 0.60 
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(CHayMeOH = 9:1); mp 111-113 "C; MS. m/e = 436 (M++1). Anal. Calcd. for 
C21H29O7N3 I/3 H2O: C. 57.13: H. 6.75: N. 931. Found: C. 57.38: H, 6.82; N, 9.62. 

EXAMPLE4 

Z-Ala-Ala-DL-Nva-C02Et. This compound was prepared from Z-Ala-Nva-OH in 
5 20% yield by the procedure described in Example 1; single spot on dc, Rf ^ > 0.64 

(CHasAleOH - 5:1); MS. ra/e - 450 (M++1). AnaL Calcd. for C22H3 i07N3-H20: C, 
5631: H, 7.1 1; N. 8.99. Fbun± C 56.42; H, 7.08; N. 9.06. 

EXAMPLE5 

Z-Ala'Pro-DL'AIa-C02Et This compound was prepared from Z-AIa-Pro-Ala- 
10 OKdicyclohexylamine in 19% yield by the procedure described in Example 1; single spot on 
Uc Rf2 = 035 (CHa3-J^0H = 9: 1); MS, m/c = 447 (M+). AnaL Calcd. for 
C22H29O7N3 I/2 H20: C, 57.88; H, 6.62; N, 9.21. Fbun± C, 57.65; H, 6.68; N, 9.17. 

EXAMFLE6 

Z-AIa«AIa-AIa-DL-Ala*C02EL The compound was prepared from Z-AIa-Ala-Ala- 
15 Ala-OH in 7% yield by the proceduxe described in Example 1; single spot on tic, Rf2 ^AO 

(CHa3:MeOH = 9:1): mp. 163-165 "C; MS, m/e = 493 (M++1). Anal. Calcd. for 
C23H3208N4-1/2 H2a C. 55.08; R 6.63; N, 11.17. Found: C, 54.85; H, 633; N, 11.14. 

EXAMPLE7 

Bz-DL>Phe-C02Et. This compound was prepared from Bz-Phe-OH in 36% yield 
20 by the procedure described in Example 1, oil, single spot on tic, Rf^ = 0.61 (CHCi3:MeOH => 
9:1); MS. m/e « 325 (M+). AnaL Calcd. for C19H19O4N.I/3 H2O: C, 68.86; H. 5.98; N, 
4.22. Foun± C. 69.10; H. 6.09; N, 4.38. 

EXAMPLE8 

MeO-Suc<AIa-DL-AIa-C02Me. Hiis compound was prepared from MeO-Suc- 
25 Ala-Ala-OH in 22% yield by the same procedure as described in Exanq>le 1 , except that sodium 
methoxide in medianol was used for enol ester hydrolysis, single spot on tic, Rf^ = 0.43 
(CHdyMeOH = 9:1); MS, m/c = 317 (M++1). Anal. Calcd- for C13H20O7N4.I/3 H2O: C, 
48.44; H, 6.46; N, 8.69. Found: C, 4836; H. 6.39; N, 8.69. 

EXAMFLE9 

30 MeO*Sue*Ala<'AIa*Pro«DL>Abu>C02Me. This compound was prepared from 

MeOSuc-Ala-Ala-Pn>-DL-Abtt-OH in 22% yield by the procedure described in Example 8; 
foam, single spot on tic. Rfl = 0.66 (CHCl3:McOH = 5:1). Anal. Calcd. for 
C22H3409N4-H20: C, 5133; H, 7.02; N, 10.85. Found: C. 51.11; H, 7.03; N, 10.88. 

EXAMPLE 10 

35 MeO-Suc-VaNPro-DL-Phe-C02Me. This compound was prepared from MeO- 

Suc-Val-Pro-Phe-OH in 42% yield by the same procedure as described in Example 8: foam, 
single spot on tic, Rf2 0.57 (CHCl3:MeOH « 9: 1); MS, m/e s 5 17 (M+). Anal. Calcd. for 
C26H3508N3-2/3 H20: C 58.96; H, 6.90; N, 7.93. Found: C, 58.92; H, 6.96; N, 7.89. 

EXAMPLE 11 
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Bz-DL-Ala«C02«a>Bu. This compound was prepared ftom Bz-Ala-OH in 45% 
yield by the procedure described in Example 1, except that n-buiyl oxalylchloride was used {<x 
the Oaldn-West reaction and sodium n-buioxide in n-butanol was used for enol ester 
hydrolysis: colorless oil. single spot on dc, Rf2 = 0.72 (CHQsrMeOH = 9: 1); MS. m/e = 277 
5 (M+). 

EXAMPLE 12 

Bz-DL-Ala-C02Bzl. This conq>ound was prepared from Bz-Ala-OH in 26% yield 
by die procedure described in Example 1, except diat benzyl oxalyl chloride was used in place 
of ediyl oxayl chloride and sodium benzyloxide in benzyl alcohol was used for enol ester 
hydrolysis; single spot on tic. Rf2 =0.69 (CHdyMeOH = 9:1); mp 95-97 »C; MS. m/e = 312 
(M++1). AnaLCalcd.forCi8Hi704N-l/2H2aC. 67.48: H. 5.66; N. 4.37. Found: C, 
67.78; H. 5J5; N. 4.66. 

EXAMPLE 13 

Z-Ala*DL<Ala>C02-n-Bu. This compound was prepared from Z-Ala-Ala-OH in 

14% yield by the procedure described in Example 1, except that n-butyl oxalyl chloride was 
used in the £}akin-West reaction and sodium n-butoxide was used for end ester hydrolysis; oil, 
single spot on tic, Rf2 = 0.45 (CHastMeOH = 9:1); MS, ra/e = 378 (M+). Anal. Calcd. for 
C19H26O6N2.I/3 H2O: C. 59.35; H, 7.00; N, 7.29. Found: C, 59.41; H. 7.03; N. 7.10. 

EXAMPLE 14 

Z>Ala>DL-Ala-C02Bzl. This compound was prepared from Z-Ala-AIa-OH in 36% 
yield by the procedure described in Example 1, except that ben^l oxalyl chloride was used in 
the Dakin-West reactim and sodium benzyloxide in benzyl alcohol was used for enol ester 
hydrolysis; single spot on tic. Rf2 = 0J5 (CHCl3:MeOH = 9:1); MS, m/e = 413 (M++1). 
Anal. Calcd. for C22H24O6N2: C, 64.06; H, 5.87; N, 6.79. Found: C. 63.79; H, 5.95; N. 
6.72. 

EXAMPLE 15 

Z-Ala-AIa«DL-Abu>C02BzL This compound was prepared from 2^AIa-Ala-Abu- 
OH in 31% yield by the procedure described in Example 1, except that ben^l oxalyl chloride 
was used in the Dakin-West reaction and sodium benzyloxide in ben^l alctdiol was used for 
enol ester hydrolysis; single spot oa tic, Rp- = 0.40 (CHC13dvIeOH = 9:1); mp 124-125 "C; 
MS. m/e = 498 (M++1). Anal. Calcd. for C26H3i07N3-2/3 H2O: C. 61.28; H, 6.39: N. 
8.24. Found: C. 61.14; H, 6.65; N, 7.94. 

EXAMPLE 16 

Bz<DL-Ala<COOH. The hydrolysis procedure of Tsushima et al. [J. Org. Chem. 
49. 1 163-1 169 (1984)1 was used. Bz-DL-Ala-C02Et (540 mg. 2.2 mmol) was added to a 
solution of 650 mg of sodium bicarbonate in an aqueous 50% 2-propanol soludon (7.5 mL of 
H2O and 2-propanol) and sdired at 40 *'C under nitrogen. After adding ethyl acetate and a 
saline soludon to the reacdon mixture, the aqueous layer was separated and acidified with 2N 
HQ and extracted widi ediyl acetate. The organic layer was dried over magnf^f^m sulfate and 
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the solvent was removed under reduced pressure. The crude hydrolysis product was 
chromatogiaphed on silica gel and eluted with methylene chloride and methanol to obtain an oil 
(150 mg, 31%); single spot cm tic, Rf* = 0.68 (n-butanol:acetic aciipyridineiHiO = 4:1:1:2V 
AnaL Calcd. for CiiHii04N-3/4 H2O: C. 56.28; H, 5.37; N. 5.97. Found: C, 56.21; H. 
5 5.46: 5.66. 

EXAMPLE 17 

Z-Leu-DL'Nva'COOEt This compound was prq)arBd from Z-Leu-Nva-OH in 60 

% yield 1^ the procedure described in Example 1 ; oUv one spot on tic, Rf s 0.49 

(CHas^eOH = 20:1). NMR (CDCla) ± 0.91 (t, 9H), CH3; 1.25 (t, 3H), 613; 1.38 (q, 
10 2H). OCH2CH3; 1.64 (m, 6H). CH2; 1.85 (m, IH), CH(CH3)2; 4.34 (m, IH) 

CH2CH(NHCOOCH2Ph)CONH; 5.12 (d, 3H) NHCH(CO)CH2 and 0CH2Ph; 5.32 (d, IH) 

NH; 6.71 (d, IH) NH; 7.36 (s, 5H) Ph. 

Z-Leu-DL-Nva<enol ester, the precursor of Z-Lea-DL-Nva-GOOEt was synthesized by 

die same procedure as described in Example 1 and purified by cdumn chiomatogtq>hy, oil, 
15 one spot on dc. NMR (CDCI3) d: 0.96 (t, 9H); 1.25 (t. 3H); 1.41 (t, 2H); IM (m, 4H); 1.72 

(m. 3H); 2.80 (t, 2H); 4.20 (q. 2H); 4.43 (q. 2H); 5.16 (q, 2H); 5.23 (s, IH); 7.37 (ra, 5H); 

11.33 (s, IH). 

EXAMPLE 18 

Z-Leu-DL-Phe-COOEt This compound was prepared from Z-Leu-Phe-OH in 30 

20 % yield by die procedure described in Example 1 ; oil, one spot on tic, Rf = 0.47 

(CHasJvIeOH = 50:1). NMR (CDCI3) d: 0.88 (d, 9H), OCH2CH3 and (CH3)2CH: 1.35 (q, 
2H), OCH2CH3: 136 (q, 2H), (CH3)2CHCH2CH; 3.03 (m, IH), (CH3)2CH; 4.32 (m, 
2H). NHCH(CO)CH2; 5.08 (s, 4H) CH2Ph; 5.40 (m. IH) NH; 6.61 (d, IH) NH; 7.31 (s, 
5H) Ph; 7.35.(s, 5H) Ph. 

25 Z-Leu-DL-Phe-enol ester, the precursor of Z-Leu-DL-Phe-COOEt was synthesized by 

the same procedure as described in Example 1 and purified by column chromatography, oil, 
one spot on tic. NMR (CDCI3) ± 0.86 (t. 3H); 0.99 (t, 3H); 1.24 (t, 3H); 1.40 (t, 3H); 1J2 
(m. 2H); 1.83 (m. 2H); 4.23 (m, 4H): 4.39 (q, 2H); 5.10 (t. 2H); 5.18 (s, IH); 7.26 (m. 5H); 
7.34 (m, 5H); 8.89 (s, IH). 

30 EXAMPLE 19 

Z-LeU'DL-Abu-COOEt. This compound was prepared from Z-Leu-Abu-OH in 33 
% yield by die procedure described in Example 1 : oil, one spot on tic, Rf = 0.66 
(CHCl3:MeOH = 20:1). NMR (0X33) d: 0.96 (t, 9H). OCH2CH3 and (CH3)2CH: 126 (t, 
3H). CH2CH2CH3: 1.37 (q, 2H). OCH2CH3; 1.66 (q. 2H). (CH3)2CHCH2CH : 2.00 (nu 

35 IH), CH(CH3)2: 4.12 (q, 2H) CHCH2CH3; 4.34 (m. IH) NHCH(CONH)CH2CH(CH3)2: 
5.12 (q, 3H) CH2Ph and CONH(Et)CHCOCOO; 5.29 (t, IH) NH; 6.79 (d. IH) NH; 7;35 (s, 
5H)Ph. 

Z-Leu-DL-Abu-enol ester, die precursor of Z-Leu-DL-Abu-COOEt was symhesized by 
the same procedure as described in Example 1 and purified by cohmm chromatography, oil. 
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one spot on Uc. NMR (CDC13) d: 0-98 (t, 6H): 1.12 (t, 3H); L24 (t, 3H); 1.41 (u 3H): 1.73 
(nu 4H): 2,86 (q, 2H): 4.20 (q, 2H); 4.31 (m. IH); 4.42 (q, 2H); 5.15 (q, 2H): 5.21 (s, IH): 
7.34 (m,5H): 11.29 (s, IH), 

EXAMPLE 20 

5 Ala-DL-Lys-COOEt*HCl. To a solution of N-carbobcnzyloxyaianyl-Ne- 

carbobenzyloxylysine (L88 g. 3.9 nrniol), 4-dimcthylaminopyridine (21 mg, 0.17 mmol), and 
pyridine (1.0 mL, 12.4 mmol) in THF (7 mL) was added ethyl oxalyl chloride (0.9 mL« 8.0 
mmoOataiatesufBcfenttostartrefluxing. The mixture was lefluxed gently for 3 hr, treated 
widi water (4 niL), and stinedvigacously at loom temperature for 30 min. Themixturewas 

10 extracted with ethyl acetate, the organic extracts were wasted with water, dried over MgS04 
and evaporated to give an oily residue (1.56 g). To a solution of the enol ester (1J6 g, 2,7 
mmol) in anhydrous ethanol was added diopwise a solution of sodium ethoxide in ethanol a 
room tempenuure until the solution turned clear yellow. Ethanol was removed and the residue 
was dissolved in ediyl acetate. The cnganic solution was washed with water, dried over 

15 N^S04, and evqxmted to give a residue. This residue was then purified by column 
chromatography and tte product was eluted with chlorofonn-methanoL Hie solvent was 
removed and Z-Ala.DL-Lys(Z)-C02Et was obtained as a hygroscopic powder (328 mg, 16 %), 
single spot on tic, Rf- = 0.53 (CHClsrMeOH = 9: 1); MS, m/e = 542 (M++1). 

N-Carbobcnzoxyalanyl-DL-Nccarbobenzoxylysine keto ethyl ester, Z-Ala-DL-Lys(25- 

20 C02Et (328 mg, 0.6 1 mmol) was deprotected with liquid HF containing anisolc at 0 ^'C for 30 
min. Tte HF was removed under reduced pressure. The residual oil was dissolved in absolute 
ethanoL HO/ethanol was added to the solution, and ethanol was removed in vacuo. The 
residue was washed by decantation with ether to give a semi solid (216 mg, 100 %); single spot 
on tic (n-butanol:acetic acid-nfridine:H20 = 4: 1:1:2). 

25 

E3CAMFLE21 

Bz-DL-Lys-COOEt*HCL This compound was prepared frx)m B2-DL-Lys(Z)- 
COOEt in 62% yield by the procedure described in Example 20; one spot on tic, Rf^ = 0 J7 (n- 
butanolracetic acid:pyridineJl20 = 4:1:1:2). The precursor, Bz-DL-Lys(Z)-COOEt was 
30 prepared from Bz-Lys(Z>OH in 100% yield by the procedure described in Example 1 ; powder, 
one spot on tic, Rf2 = 0.75 (CHasMeOH = 9:1): MS, m/e = 440 (M+). Anal. Calcd. for 
C24H2806N2-2/3 H2O: C 63.70: H, 6.53: N. 6.19. Found: C, 63.49; H, 6.51 ; N, 5.92. 

EXAMPLE 22 

Bz-DL-Arg-COOEt*HCI. This compound was prepared from Bz-DL-Arg(Z)- 
35 COOEt in 99% yield by the procedure described in Example 20; one spot on tic, Rf4 = 0.71 
(n-butanol:aceuc acid:pyridine:H20 = 4:1:1:2), Sakaguchi reagent positive. Bz-DL-Arg(Z)- 
COOEt was prepared from B2-DL.Arg(Z>OH in 19% yield by the procedure described in 
Example 20, RfZ = 0.38 (CHCl3:MeOH = 9:1 ); mp 140-142 «C; MS, m/e = 468 (M+). Anal. 
Calcd. for C24H28O6N4: C 61.53; a 6.02; N. 11.96. Found: C 61.96; H, 6.48; IM, 12.34. 
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EXAMPLE 23 

H.Gly-DL-Lys-COOEt»2HCI. This compound was prepared from Z-GIy-DL- 
Lys(Z)-COOEi in 92% yield by the procedure described in Example 20; Rf* = 0.21 (n- 
butanol:acetic aci±pyridinc:H20 = 4:1:1:2). Z-Gly-DL-Lys(Z)-C(X)Et was prepared from Z- 
5 Gly-Lys(Z)-OH in 9% yield by the procedure described in Example 20. one spot on tic, Rf 1 - 
0.68 (CHQsrMeOH = 5:1); MS, m/e = 528 (M+-k1). * 

EXAMPLE24 

H-Pro-DL-Lys-COOEt*2HCl. This compound was prepared from Z-Pro-DL- 
Lys(Z)-COOEt in 100% yield by the procedure described in Example 20; one spot on tic (n- 
10 butanoliacedc acid:pyridine:H20 = 4:1:1:2). Z-Pto-DL-Lys(Z)-CCX3Et was prepared from 
Z-Pto-LysCQ-OH in 15% yield by the procedure described in Example 20; R^ = 0«73 
(CHa3:McOH = 9:1); MS. m/e 568 (M++1), 

EXAMPLE 25 

H-Phe-DL.Lys-C00Et-2HCL This compound was prepared from Z-Phe-DL- 
15 Lys(Z)-CCX)Et in 39% yield by the procedure described in Example 20; one spot on tic (n- 
buianol:acetic aci±pyridine:H20 » 4:1:1:2). Z-Phe-DL-Lys(Z)-COOEt was prepared from Z* 
Phe-Lys(Z)-OH as previously described in 9% yield. Rf2 o 0.68 (CHasrMcOH = 9:1); MS. 
m/e = 482(M+). 

EXAMPI£26 

20 H-Leu-AIa.DL-Lys-C00Et-2Ha. This compound was prepared from Z-Leu- 

Ala-DL-Lys(Z)-COOEt in 52% yield by the procedure described in Example 20; one spot on dc 
(n-butanol:acetic acid:pyridine:H20 = 4:1:1:2). 

Z-Leu-Ala-DL-Lys(Z)-CCX)Et was prepared from Z-Leu-Ala-DL-Lys(Z)-OH in 5% 
yield by the previously described Dakin West reaction. Rf3 = 0.34 (CHCl3:McOH = 19:1); 

25 MS. m/e = 609 (M+-OCH2CH3). 

EXAMPLE 27 

Simple Amino Acid, Di- and Tripepdde Enol Esters (General Procedure). A modified 
Daldn-West procedure was used (Charles et al.. J. Ckem. Soc. Perkin /. 1 139 (1980)1 and is 
illustrated with the synthesis of Z-Leu-DL-Phe-EE. To a stirred solution of Z-Leu-Phe-OH 

30 (6.19 g, 15.0 mmol), 4-dimethylaniinopyridine (0.183 g; U mmol) and pyridine (4.75 g, 
4.85 mi. 60 mmol) in tetrahydrofiiran (45 ml) warmed 50 ''C was added ediyl oxalyl chloride 
(4.30 g. 352 ml, 3U nmiol) at a rate sufficient to initiate refluxing. The nuxmre was then 
heated at a gentle reflux for 4 h. After cooling to room temperature the mixture was treated with 
water (25 ml) and stirred vigorously atroom temperature for 30 min. The mixture was 

35 extracted with ethyl acetate ( 150 ml) and after separation of the organic layer, the water layer 
was sanirated with solid (NH4)2S04 and re^tracted 2-times with 25 ml ethyl acetate. The 
combined organic phases were washed 2-times with 75 ml water, 2-times with 50 ml of sat± 
NaCl decolorized with carbon and dried over MgS04, After evaporation of the solvent, the 
crude enol ester (8.36 g, 98%) was flash-chromatographed on silica gel and the product was 
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eluted with a AcOEt The solvent was evaporated in vacuo (rotavaporator) and the pure enol 
ester was obtained as a oil (7.22 g, 85%); single spot on TLC = 0.84, A: 0.68, C. 

Z-Leu-Nva-EE. This compound was prepared from Z-Leu-Nva-OH using the general 
procedure and purified by flash chromatography on siUca gel using CHa2:MeOH = 50:1 v/v 
5 as eluent Yield 95%, single spot on TLC, Rf » 0.92, C; 0.28 

Z-Leu'Abu'EE. This compound was prepared from Z-Leu- Abu-OH in 78% yield the 
general procedure described above. Purification by flash obramatogr^hy on silica gel. Eluent, 
CHajiMeOH « 50: 1 v/v. single spot on TLC, R^ = 0.86, A. 

PhCO-Abu-EE. This compound was prepared from PhCO- Abu-OH in 26% yield by 
10 the general procedure as described above. Purificadon by flash chromatogiaphy on silica gel. 
Eluent CHCly single spot on TLC, R^ « 0.60, M. 

(CH3)2CH(CH2)2CO'^U'EE. TUs compound was prepared from 
(CH2)2CH(CH2)2CO-Abtt-OH in 82% yield by the general procedure as described above. 
Purification by flash chromatography on silica gel. Eluent AcOEt, single spot on TLC, Rf » 
15 0.72, C. 

(CHjCH2CH2)2 CH CO-Abu-EE. This compound was prepared from 
(CH3CH2CIlj)2CH CO-Abu-OH in 100% yield by the general procedure described above. 
Purificadon by flash chromatography on silica gel. Eluent AcOEt, single spot on TLC, R|>= 
0,78, C; 0.81, K. 

20 Ph(CH2)^C0'Abu'EE. This compound was prepared from Hi(CH2)gC0- Abu-OH in 

86% yield by the general procedure described above. Purification by flash chromatography on 
silica gel. Eluent AcOEt Single spot on TLC, Rf =6.74,0. 

Z-Leu'4-Cl-Phe'EE. This compound was prepared from Z-Leu-4-a-Phe-OH in 69% 
yield by the general procedure described above. Puriflcadon by flash chromatography on silica 
25 gel. Eluent AcOEt, single spot on TLC. Rf » 0.77, C; 0.78. K. 

Z-Leu'Leu-Abu'EE. This compound was prepared from Z-Leu-Leu- Abu-OH in 62% 
yield by the general procedure described above. Purificadon by flash diromatography on silica 
gel. Element CHajiMeOH = 50: 1 v/v. Single spot on TLC, Rf » 0.89, A: 0.75, M. 

Z'Leu'Leu'Phe-EE. This compound was prepared from Z-Leu-Leu-Phe-OH in 60% 
30 yield by the general procedure described above. Puriflcadon by flash chromatography on silica 
gel. Huent CHCljiMeOH = 50: 1 v/v. Single spot on TLC, Rf = 0.80, K; 0.70, M. 

2'NcpS02'Leu'Leu'Abu'EE. This compound was prepared from 
2-NapSO^ -Leu- Abu-OH in 73% yield by the general procedure described above. Purificadon 
by flash chromatography on silica gel. Eluent AcOEt, single spot on TLC, Rf » 0.71, K; 0.54, 
35 C. 

2'NapS02'Leu'Leu-Abu'EE. This compound was prepared from 
2-NapSO^-Leu-Leu-Abu-OH in 74% yield by the general procedure described above. 
Purificadon by flash chromatography on silica gel. Eluent AcOEt: AcOH = 200:1 v/v. Single 
spot on TLC, Rf = 0.69. K. 
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Z-Leu-Phe»COOEt Single Aminoacid, Di-and Tripeptide^ketoesters (General 
Procedure). To a stiired solution of ZS3 g (15.0 mxnol) of Z-Lcu-Phe-EE in 40 ml anhydrous 
ethanol at room temperatuie was added dropwise a solution of sodium ethoxide (0.204 g; 3.0 
ramol) in 20.0 ml anhydrous ethanoL The color of die reaction mixture change fiom colorless 
5 or pale yellow to deep yellow or orange dependent on enoi-esier. Then the reaction mixture 
was stirred at room temperature for 4-5 hours, the ethanol was then evaporated in vacuo 
(rotav^Knator) and the residue treated with 200 ml ethyl ether (or 200 ml ethyl acetate in the 
case of the ttipepride). The etiier (ethyl acetate) solution was washed with 2 x 75 ml HjO, 2 x 
75 ml said. NaQ, decolorized with carbon and dried over MgSO^. After evaporation of 
10 solvent, the crude product 6.09 g (89.7%) was flash chromatographed on silica gel usirig 
CHClj: MeOH « 50: 1 v/v. Evaporation of solvent give pure Z-Leu-Phe-COOEt (4.08 g; 
58.0%) as a duck oiL Single spot on TLQ = 0.60, A; 0.47, M. Mass spectrum. FB-MS 
[(M+1)/ZI = 469. 

EXAMFLE28 

15 2-Leu-Nva-COOEt This was prepared by the preceding general procedure. 

PurificatiOT by flash chromatography on silica gel, eluent CHCI3: MeOH = 100:1 v/v, yield 
86.6%, thick, colorless oil, single spot on TLC, = 0.49, A; 037, M. Mass spectrum 
FB-MS[(M+1)/ZI = 421. 

EXAMPLE 29 

20 Z-Len-Abu-COOEt This was prepared by the preceding general procedure. 

Purification by flash chromatography on silica gel, eluent CHCl^, yield 82%, thick, pale 
yeUow oil, single spot on TLC Rf =0.66, A. Mass spectrum, CI-MS [(M+l)/Z] = 407. 

EXAMPLE 30 

PhCO-Abu-COOEt This was prepared by the preceding general procedure. 
25 Purification by flash chromatography on silica gel, eluent CHCI^rNfeOH = 50:1 v/v, yield 
83%, oil, single spot on TLC, R^ = 0.44, M. Mass spectrum, M/Z 263 (M^); Q-MS, 264 
((M+l)/Z). 

EXAMPLE31 

(CH3)2CH(CH2)2CO-Abu-COOEt. This was prepared by die preceding general 
30 procedure. Purification by flash chromatography on silica gel, eluent AcOEt, yield 43%, oil, 
single spot on TLC, Rj. = 0.56, C Mass spectrum EX-MS M/Z 257 (M"*"); FB-MS, [(M+l)/Z] 
»258. 

EXAMPLE 32 

CH2CH2CH)2CHCO«Abu»COOEL This was prepared by the preceding general 

35 procedure. Purification by flash chromatography on silica gel, eluent C^ICl^rMcOH = 50: 1 
v/v, thick, yellowish oil. yield 66%, single spot on TLC, Rj. = 0.80, C; 0.66, M. Mass 
spectrum H-MS M/Z = 285 (M"^); Q-MS, [(M+ 1 )/Z] = 286. 

EXAMPLE33 
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Ph(CH2)gC0-Abu-C00Et This was prepared by the preceding general 
procedure. Purification by flash chromatography on silica gel, eluent CHCljiMeOH = 50: 1 
v/v, yield 64%, pale yeUow oil, single spot on TLQ = 0.29, M. Mass spectrum EI-MS 
M/Z = 347 (M*), FB-MS, [(M+l)/Z] = 348. 

EXAMFLE34 

Z.Leu-4.CI-Phe.C00Et This was prepared by the preceding general procedure. 
Purification by flash chromaiQgiaphy on silica gel, eluent AcOEt. yield 100%, colorless oil, 
single spot on TLC, Rj - 0.71, C. Mass spectrum FB-MS M/Z = 503(M*). 

EXAMPLE 35 

Z-Leu-Leu-Abu-COOEt. This was prepared by the preceding general procedure. 
Purification by flash chromatography on siUca gd, eluent CHOjJ^^eOH = 50:1 v/v, yield 
79.2%, very thick, colorless oil, single spot on TLC, = 0.28. M. Mass spectrum FB-MS 
[(M+l)/ZI-520. 

EXAMPLE36 

15 Z.L«tt.Leu.Plie.COOEt. litis was prepared by the preceding general procedure. 

Purification by flash chromatography on silica gd, duent CHCl3:MeOH = 50: 1 v/v, yield 
33%, oil. single spot on TLC Rf = 0J6, M. Mass spectrum. FB-MS, [(M+IVZ] - 582. 

EXAMPLE 37 

2.NapSO2-Uu.Abu-C00Et. This was prepared by the preceding general 
procedure. Purification by flash chromatography on silica gel. eluent CHCl3:MeOH = 50:1 
v/v. yield 38%, duck oil, single spot on TLC, R, = 0.7 1. K: 0.54. A. Mass spectrum FB-MS 
[(M+l)/Z] = 463. 

EXAMPLE 38 

2-NapS02-Leu.Leu.Abu.COOEt This was prepared by the preceding general 
25 procedure. Purification by flash chromatography on silica gd, duent AcOEttAcOH » 200: 1 
v/v. yield 61%. semi-solid, single spot on TLC, R* = 0.67, K. Mass spectrum FB-MS 
[(M+1)/ZJ = 576. 

EXAMPLE 39 

Z.Uu-Met>C02Et This compound was prepared by the above procedure. YeUow 
oil, single spot on TLC. Kf - 0.52 (CHCl3:CH3OH=50:l). yield 46% (from dipeptide), MS 
(FAB)454(m+l). 

EXAMFLE40 

Z-Leu-NLeu-C02Et. This compound was prepared by the above procedure. Pale 
ydlow oil, single spot on TLC, R^ = 0J7 (CHa3.-CH30H = 50: 1), yield 53% (from 
35 dipeptide), MS (FAB) 434 (m+ 1 ). 

EXAMFLE41 

Synthesis ofn-Butyl Oxafyl Chloride: This was prepared by a Uterature procedure 
[Warren and Malee. J. Chromat. 64, 219-222 (1972)1. N-Butanol (0.1 moL 7.41 g) was 
added dropwise to oxalyl chloride (0.5 moL 63.5 g) at -10 »C. After die addition was 



20 



30 



SUBSTITUTE SHEET 



WO92/12140 



PCr/US91/09801 



-so- 
completed, the reaction xxiixnue was stiiied for 20 mm. at r.L and distilled, giving 15.0 g 
(91.18 moL 91%) of the product n-butyl oxalyl chloride, bp 58-60 *C (0.6 mm I^). 

Z-Leu«Phe*C02BiL This compound was prepared from Z-Leu-Phe-OH and butyl 
oxalyl chloride in 43% yield by the procedure described for the syndesis of Z-Leu-Phe-CO^Et 
5 except that bu^l oxalyl chloride was used in place of ethyl oxalyl chloride and sodium 
buty loxide in butanol was used for enol ester hydrolysis. Single spot on TLC, = 0.54 
(CHCljcCHjOH = 50:1) MS(FAB) m/e = 497 (m+l), NMR (COa^) ok. 

EXAMPLE42 

Z*Leu-Abu*C02Bu. This compound was prepared by the above procedure. Single 
10 spot on TLC. Rj.= 0.53 (CHClj.-OljOH = 50:1), yield = 36%. pale yeUow oil. MS (FAB) 
m/e = 435 (M+l), NMR (CDCI3) ok. 

EXAMPLE43 

Synthesis of Benzyl Oxalyl Chloride. Bena^l alcohol (0.15 mol. 16 g) was added 
dropwise to oxalyl chloride (0.75 moL 95 g) at 5-10 After the addition was complete, the 

15 reaction was stirred for 20 min. at r.t The excess oxalyl chloride was distilled and recycled. 
Then the mixture was distilled under vacuo, giving 26 g (0.12 mol. 86%) of benzyl oxalyl 
chloride, bp. 110-112 X (0.6 mm-Hg). H^NMR (CDQj) 7.39 (s. 5H), 533 (s, 2H). 

Z-Leu-Phe-C02Bzi. This compound was prepared from Z-Leu-Phe-OH and 
ben^l oxalyl chloride in 17% yield by the procedure described in the synthesis of 

20 Z-Leu-Phe-CX)2Et. except that benzyl oxalyl chloride was used in place of ethyl oxalyl chloride 
and sodium betuQrloxide in benzyl alcohol was used for enol ester hydrolysis. Single spot on 
TLC Rf= 0.63 (C^ia^iOIjOHs 50:1). Pale yeUowsoUd,mp 117-119 X. MS(FAB)m/e 
= 532 (m+l). H^NMR ok. 

EXAMPLE44 

25 Z-Leu-Abu-C02Bzi. This compound was prepared by the above procedure. 

Single spot on TLC. Rj = 0.51 ((aiClgzCttjOH = 50:1). pale yeUow oil, MS(FAB) m/e = 469 
(m+l). yield » 26%. 

EXAMPLE45 

Z»Leu«Phe-COOH. Dipeptide Ketoacids (General Procedure). To a stirred solution 
30 of 053g (1.13 mmol) Z-Lcu-Phe-CXX)Et in 6.0 ml methanol was added 1.27 ml (1.27 nmwl) 
IM NaOR The color of the reaction mixture turned dark yellow and a small amount of solid 
was deposited. The reaction was run at room temperature and progress of the hydrolysis was 
checked on TLC AftBr24h.no more substrate was detected. The reaction mixture was 
chilled in one ice bath at5 ^C acidified with IM HQ to pH^ 3 and extracted with AcOEt (2x 
35 50 mL). The organic extraa were washed with 2 x 50 ml 1^0 and if necessary, decolorized 
with carbon and dried over MgSO^. After evaporation of the solvent (rotavaporator). the 
residue (thick dl) were titurated with 2 x 25 ml n-hexane and dried in vacuo. Yield 0.39 g 
(78%) of colorless, very thick oil TLC main spot at R^ s 0.24, trace of impurity at R^ 
0.78, L Mass spectrum. FB-MS [(M+l)/Z] = 441. 
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EXAMPLE 46 

Z-Leu-Abu-COOH. This compound was prepared from Z-L-Leu-Abu-GOOEt in 
83% yield by the general procedure as described above: TLC, main spot at = 0. 14, trace of 
in^nirity at « 0.73. L Mass spectrum, FB-MS [(M+l)/Z] = 379. 

Example 47 

Z-Leu-Phe-CONH-Et To a sdned solution of Z-Uu-Phe-OH (20 g, 48.5 mmole). 
4-dinjediylaiiunopyridine (0^87 g. 4.8 mmote),and pyridine (15.7 ml, 194 mmole) in 
anhydrous THF (100 ml) was added ethyl oxalyl chloride ( 1 1.4 ml. 101.8 mmole) at a late 
sufficient to initiate refluxing. The mixnire was gently refluxed f<w 4 houis, cooted to loom 
temperanue, and water (80 ml) was added. Tlie reaction mixture was stined vigotously fbr 30 
rain, and extracted with ediyl acetate (3 x 100 ml). The combined organic layers were washed 
with water (2 x 100 ml), saturated sodium chloride (2 x 100 ml), decolorized with decolorizing 
carbon, dried over magnesium sulfote, and concentrated, leaving a dark orange oil. 
OuDmatography on a sOica gel cduinn widi CHQs/CHsOH (50: 1 v/v) afforded 14.63 g (y = 
53 %) of Z-Leu-Phe-enolester. The product was a yellow oil. Single spot on TLC, Rf = 0.77 
(CHCL3/CH3OH50:l). NMR(CDa3)ok. 

To a stirred pale yeUow solution of the Z-Leu-Phe-enolester (14.63 g, 25.73 mmole) in 
anhydrous ethanol (50 ml) was added a solution of sodium ethoxide (0.177 g. 2.6 mmole) in 
etiianol (5 ml). The orange solution was stirred for 3 hours at room temperature, then the 
20 ethanol was evaporated and the residue was txeaied with ediyl ether (300 ml). The ether layer 
was washed with water a x 100 ml), saturated sodium chloride (2 x 100 ml), dried over 
magnesium sulfate, and concentrated, leaving a orange oiL Chiomatography on a silica gel 
column with CHQa/CHsOH (50:1 v/v) afforded 7.76 g (y = 64 %) of the a-ketoester Z-Leu- 
Phe-COOEt The product was a yeUow OiL Single spot on TLC, Rf= 0.44 (CHCI3CH3OH 
50:1). NMR(CDCl3)ok. MS (FAB, cated. for C26H32N2O6: 468.6), m/e = 469 (M+1). 

The o-carbonyl group of Z-Leu-Phe-COOEt was protected by foUowing procedue. A 
solution of Z-Leu-Phe-COOEt (1 g, 2.13 mmole) in 5 ml of CH2CI2 was added 1,2- 
ethanedidiiol (0.214 ml. 2.55 mmole), foBowcd by 0.5 ml of boron trifluoride ethmxe. The 
solution was stined overnight at room temperature. Water (20 ml) and ethyl ether (20 ml) were 
added. The organic layer was separated, washed with water (2 x 10 ml), samrated sodium 
chloride (2 x 10 ml), dried over magnesium sulfate, and evaporated to afford 0.98 g «■ 84 %) 
yellow semisolid. 

The protected a-ketocster (0.98 g, 1.8 mmole) was dissolved in ethanol (5 ml), cooled 
to 0-5 "C in a ice bath, and ethylamine was bubbled through the solution until 2.43 g (54 
mmole) had been added. The reaction mixnire was allowed to warm to room temperature 
slowly, and stirred overnight The mixmre was filtered, a white precipitate was removed, 
leaving a yellow semisoUd. Chromatography on a silica gel column widi CHOy/ai^OH (30: 1 
v/v) afTocd 0.63 g (y = 75 %) of Zieu-Phe-CONH-Et The product was a pale yeUow solid. 
Single spot on TLC, Rf = 0.60 (CHa3/CH30H 20:1); mp 145-147 'C. AnaL cakd. for 
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C26H33N3O5: 467.56; C, 66.79; H. 7.11; N.8.99; found: C. 66.59: R 7.09: N. 8.95. NMR 

(CDClii ok. MS (FAB) m/e » 468 (M+l). 

Example 48 

Z-Leu-Phe-CONH-nPr. This compound was synthesized ftom the protected a- 
ketoester and piopyJaniine in 92 % yield by the procedure described in Example 47. Single 
spot on TLQRf =0.50 (CHa3/CH3OH50:l); mp 152-153 'C. Anal, calcd. for 
C27H35N3O5: 481 J7: C, 67.33; ft 7.33; N. 8.72. Found: C. 67.21; H, 7.38; N, 8.64. 
NMR (CDOs) ck. MS (FAB) m/e = 482 (M+l). 

Example 49 

Z-Leu-Phe-CONH-nBu. This compound was synthesized from the protected o- 
ketoester and butyiamine in 67% yield by the procedure described in Example 47. SingTespot 
on TLC, Rf = OJO (CHas/CHsOH 50:1); mp 152-153 »C. AnaL calcd. for C28H37N3O5: 
495.59: C. 67.85; H. 7.52: N. 8.48. Found: C. 67.70; H, 7.57: N, 8.43. NMR (CTOs) ok. 

MS (FAB) m/e = 496 (M+l). 

^5 Example 50 

Z-Leu-Phe-CONH-iBu. This compound was synthesized ftom the protected a- 
ketoester and isobutylamine in 53 % yield by the procedure described in Example 47. Single 
spot on TLC. Rf - 0.54(CHCl3/CH3OH 50:1): mp 152 »C. Anal, calcd. forC28H37N305: 
495.59; C, 67.85; H, 7.52; N. 8.48. Found: C, 67.77; H. 7.56; N, 8.40; NMR (CDQs) ok. 

20 MS (FAB) m/e - 496 (M+l). 

Example 51 

Z-Leu-Phe-CONH-Bzl. This compound was synthesized from the protected a- 
ketoester and bcnzylamine in 40 % yield by the procedure described in Example 47. After 
reacting overnight, ethyl acetate (60 ml) was added. The mixnire was filtered to remove a white 

25 piecipiate. The solution was washed with cooled 1 N HCl (3 x 25 ml), water (1 x 20 ml), 
saturatedsodiumchk)rideax20ml),anddriedoverniagnesiumsulfate. Thesdutionwas 
evaporated leaving a ydlow solid. Chromatogtaidiy on a silica gd column with 
CHCl3/CH3OH30:l v/v) afforded a yellow solid. Single spot on TLC, Rf =0.45 
(CHCI3CH3OH 30:1); mp 160-162 'C AnaL calcd. for C31H35N3O5: 529.61; C, 70.30; H, 

30 6.66; N, 7.93. Found: C. 70.18; H. 6.67; N. 7.99. NMR (CDCI3) ok. MS (FAB) m/e = 530 
(M+l). 

Example 52 

Z-Leu.Phe-CONH-{CH2)2Pb- This compound was synthesized from die 
protected a-keioester andphenethylamine in 50 % yield by the procedure described in Example 
51. Single spot on TLC Rf = 0.50 (CHa3/CH30H 30:1); mp 151-153 "C. Anal, calcd. for 
C32H37N3O5: 543.66: C. 70.70: a 6.86; N. 7.73. Found: C. 70.54: H. 6.88; N. 7.74. 
MMR (CDQs) ok. MS (FAB) m/e - 544 (M+l). 

&canqile53 
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Z>Leu>Abu-CONH'Et This compound was synthesized from protected a- 
ketoestcr derived from Z-Lcu-Abu-C02Et and ethylamine in 64 % yield by the procedure 
described in Example 47. Single spot on TLC, Rf = 0.36 (CHCI3/CH3OH 50:1); mp 130-132 
"C Anal, calcd. for C2iH3iN305: 405.45: C, 62.20: H, 7.71: N. 10.36. Found: C. 61.92: 
5 a 7.62: N. 10.31. NMR (CDQs) ok. MS (FAB) m/e » 406 (M+1 ). 

Example 54 

2^Leu-Abu-C0NH>nPr. This compound was synthesized firom the coiresponding 
protected o-ketoester and propylamine in 47 % yield the prooedure described in Exanqde 
47. Single spot on TLC, Rf = 0.28 (CHas/CHsOH 50:1): rap 134-135 "C. Anal, calcd. for 
10 C22H33N3O5: 419.50; C. 62.98; H, 7.93; N. 10.02. Found: C. 62.84; H, 7.97; N, 9.94, 
NMR (CDa3) ok. MS (FAB) m/e « 420 (M+1 ). 

Examide55 

Z-Leu>Abu-CONH-nBii. This conqwund was synthesized from the coiresponding 
protected a-ketoester and buQrlamine in 42 % yield by the procedure described in Example 47. 
15 Single spot on TLC. Rf = 0.54 (CHQa/CHsOH 50:1): mp 135-136 "C. AnaL calcd. for 
C23H35N3O5: 433.53; C. 63.71; H. 8.13: N. 9.69. Found; C 63.48; H. 8.07; N. 9.67. 
NMR (CDa3) ok. MS (FAB) m/e = 434 (M+l). 

Example S6 

Z-Leu>Abu-CONH.iBu. This compound was synthesized from the corresponding 
20 protected a-ketoester and isobuQf lamine in 65 % yield by the procedure described in Example 
47. Single spot on TLC Rf- 0.25 (CHa3/CH3OH50:l); mp 133-135 "C. Anal, calcd. for 
C23H35N3O5: 433.52; C. 63.72; H, 8.14; N. 9.69. Foun± C. 63.46; H. 8.10; N, 9.60. 
NMR (CDa3) ok, MS (FAB) m/e - 434 (M+l). 

Exam]de57 

25 Z-LeU'Abu-CONH-Bzl. This compound was synthesized from the corresponding 

protected a-ketocster and benzylamine in 29 % yieW by the procedure described in Example 
5 1. Single spot on TLC. Rf = 0,56 (CHas/CHsOH 30:1); mp 140-141 »C. Anal, calcd. for 
C26H33N3O5: 467.54; C. 66.79; K, 7.11; N, 8.99. Found: C. 66.65; H. 7.07; N. 8.93. 
NMR (0X33) ok. MS (FAB) m/e = 468 (M+l). 

30 Example 58 

Z-Leu*Abu*CONH-(CH2)2Ph. This compound was synthesized from the 
corresponding protected a-ketoester and phencthylamine in 5 1 % yield by the procedure 
described in Exa^^)le 51. Single spot on TLC. Rf = 0.44 (CHCI3/CH3OH 30:1); mp 156-157 
'C. Anal, calcd. for C27H35N3O5: 481.59; C. 67.34: H, 7.33; N, 8.72. Found: C, 67.38: 

35 H. 7.33: N. 8.78. NMR (CDC13) ok. MS (FAB) m/e = 482 (M+ 1 ). 

Example 59 

Z.Leu.Abu.CONH.(CH2)3.N(CH2CH2)20. This compound was synthesized 
from protected a-ketoester and 4(3-aminopropyl)moipholine in 33 % yield by the piDcedme 
described in Example 47. After reacting overnight ethyl acetate (80 ml) was added. The 
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mixtuie was filteied to remove a white precipitate. The solution was washed with water (3 x 20 
ml), satuxated sodium chloride (2 x 20 ml), and dried over magnesium sulfate. The solution 
was evaporated leaving a yellow oil. Chromatography on a silica gel column with 
CHayCHsOH (lO: 1 v/v) afforded a yellow semisolid, which was reciystallized from ethyl 
5 acetate/hexane to obtain a pale yellow solid. Single spot on TLC, Rf = 0.42 (CHCI3/CH3OH 
10:1): mp 125-126 Anal, calcd for C26H40N4O6: 504.63; C, 61.88; H, 7.99; N. 11.10. 
Found: C. 61.69; H, 7.95; N, 11.07. NMR (CDQs) ok. MS (FAB) m/c = 505 (M+1). 

Example 60 

Z-Leu«Abu-CONH«(CH2)7CH3. This compound was syndiesized from die 
10 corresponding protected a-ketoester and oc^lamine in 67 % yield by die procedure described 
in Example 51. It was white solid. Single spot on TLC, Rf = 0.55 (CHCI3/CH3OH 30:1); mp 
134-135 °C. Anal, calcd. for C27H43N3O5: 489.66; C, 66.23; H. 8.85; N, 8.58. Found: C 
66.19; H. 8.81; N, 8.61. NMR(CDa3)ok. MS (FAB) m/c = 490 (M+1). 

Example 61 

15 Z-Leu*Abu-CONH-(CH2)20IL This compound was synthesized from die 

corresponding protected a-ketoesier and ethanolamine in 29 % yield by the procedure described 
in Example 59. The product was a white sticky solid. Single spot on TLC, Rf =0.42 
(CHCI3/CH3OH 10:1); mp 15M53 *C Anal: calcd for C21H31N3O6: 421.49; C 59.84; H, 
7.41: N. 9.97. F6und:C, 59.11; H. 7.44; N, 9.81. NMR (CDCI3) ok. MS (FAB) m/e = 422 

20 (M+1). 

Example 62 

Z.Leu-Abu-CONH-(CH2)20(CH2)20H. This compound was syndiesized 
from die corresponding protected a-ketoester and 2-(2-aminoedioxy)ethanol in 34 % yield by 
the procedure described in Example 59. The product was white sticky solid. Single spot on 
25 TLC Rf = 0.42 (CHCI3/CH3OH 10:1); mp 103-105 Anal.: calcd. for C23H35N3O7; 
465.55; C, 59.34; H, 7.58: N, 9.03. Found: C, 59.23; H, 7.58; N, 9.01. NMR (CTCs) ok. 
MS (FAB) m/e = 466 (M+1). 

Example 63 

Z-Leu-Abu-CONH-(CH2)i7CH3. This compound was synthesized from die 
30 corresponding protected a-ketoester and octadecylamine in 12 % yield by the procedure 
described in Example 51. The product was a pale yellow solid. Single spot on TLC, Rf = 
034 (CHC13/CH30H 30:1); mp 134-136 «C. Anal: calcd. for C37H63N3O5: 629.92; C 
70.55; 10.08: N, 6.67. Found: C, 70.71; H. 10.14; 6.75. NMR (CDOs) ok. MS 
(FAB) m/e = 630.2 (M+1). 
35 Example 64 

Z-Leu-Abu-CONH.CH2-C(jH3(OCH3)2. This compound was syndiesized from 
the conesponding protected a-ketoestcr and 34-dimedioxyben2ylamine in 45 % yield by die 
procedure described in Example 51. The product was yellow sdcky solid. Single spot on 
TLC Rf = 0.44 (CHCI3/CH3OH 30:1); mp 153-155 ^C. AnaL: calcd. for C28H37N3O7: 
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527.62; C, 63.74; H, 7.07; N, 7.96. Found: C. 63.66; H. 7.09: N. 7.92. NMR (CDCl^) ok. 
MS (FAB) m/e = 528.8 (M+1). 

Example 65 

Z-Leu-Abu-CONH-CH2-C4H4N. This compound was synthesized from the 
corresponding protected Orketoester and 4-(aminomethyl)pyiidine in 45 % yield by the 
pioceduic described in Example 59. TTie product was greenish yeUow solid. Single spot on 
TU; Rf = 0J5 (C3IC13/CH30H 10:1); mp 124-126 Anal: calcd. for C25H32N4O5: 
468.55; C, 64.08; H. 6.88; N. 11.96. Found: C. 63.88; H. 6.87; N. 11.96. NMR (CDOs) 
ok. MS (FAB) m/e =469 (M+1). 

It is obvious that those skilled in the art may make modifications 10 the invention 
without depardng from the spirit of the invention or the scope of the subjoined claims and their 
equivalents. 
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Table L Inhibition of serine proteases by peptide ketoesters and ketoacids.^ 



Compounds Ki (fxM) 



HLE PPE CathepinG Cbymotiypsin 



Bz-DL-Phe-COOEt 






58 0.28 


Bz-DL-Ala^XXJEt 


640 


590 




Bz-DL-Ala-COOH 


3100 


3200 




Bz-DL-Ala-COOBzI 


19 


23 




Bz-DL-Ala-COO-n-Bo 


260 


Nib 




Bz-DL-Ala<XXX:H2-C6H4-CF3 (para) 


81C 


lie 




Z-A]a-DL-AIa-COC£t 


100 


210 




Z-AIa-DL-Ala-COO-n-Ba 


250 


80 




Z-Ala-DL-Ala-COOBzl 


46 


11 




MeO-Suc-A]a-DL-A]a-CX)OMe 


470C 


520C 




Z-Ala-Ala-DL-Ala-COOEt 


1.3 


0.65 




Z-Ala-AlarDL-Nva-aX)Et 


0.52 


0.36 




Z-Ala-PR>-DLrAla-CCX}Et 


2.8 


2.4 




ZrAIa-Aia-DL-Abu<XX)Et 


0.12 


0.15 




Z-Ala-AIa-DL-Abu-COOBzl 


0.09 


0.08 




Z-AIa-AIa-DL-Abii-COOCH2-C6H4-CF3 


0.08 


0.33 




(pata) 








MeO-Suc-Val-Pro-DL-Phe-COOMe 






1.1 0.26 


Z-Ala-Ala-Ala-DL-Ala-COOm 


0.3 


0.14 




MeOSuc-Ala-Ala-Pm-DL-Abu-COOMe 


0.42 


0.93 





^Inhibition constants were measured in 0.1 M Hepes, 0.5 M NaQ. pH 7.5 buffer. 9 % Me2S0 and 
25 "C. 

I'No inhibition, 
^oncompetidve inhibition. 
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Table IIL InhibidoQ of cysteine proteases by peptide ketoesters and ketoacids. 



Compounds Kj (pM) 



Papain^ CatitepsinB^ CalpainP CalpainlF 



Z-Leu-Abu-COOEt 








Z-Leu-Phe-COOEt 






0.23 0.4 


Z-Leu-Nle-COOEt 






0.12 0.18 


Bz-DL-Phe-COOEt 


500d 


64 




Z-Phe-DL-Phe-CXXDEt 


1.8 


0.1 




Z-Fhe-DL-AIa-CX)QEt 


3.6 


3.2 




Z-A]a-A]a-DL-A]a<XX)Et 


1.5 


2.2 


200 


Z-Ala-A]a-DL-Aba-CXX)Et 


0.9 


10 


50 200 


Z-AIa-Ala-DL-Aba-GOOBzi 


30 


60 




Z-Ala-Ala-DL-Nva-CCX)Et 


30 


0.1 




Z-AIa-Pro-DL-Ala-COOEt 


26 


66 




JvfcO-Suc-Val-Pto-DL-Phc-COOMe 


l.l 
2.9d 


0.1 




Z-A]a-A]a-Ala-DL-Ala-CXX>Et 


2.1 


10.0 




MeO•Suc•AIa-Ala-Pro-Abtt-C00^4ie 


0.7 


6.0 


100 


^Inhibition constants were measured in 0.05 M Tris-HCl, pH 7.5 buffer . containing 2 mM 



EDTA, 5 mM cysteine (freshly prepared). 1 % Me2S0, and at 25 ''C NO-Benzoy l-Aig-AMC was 
used as a substrate. 

binhibition constants were measured in 88 mM KH2PO4, 12 mM Na2HP04, pH 6.0 buffer , 
containing 133 mM EDTA. 2.7 mM cysteine (freshly prepared), and at 25 "C. Z-Arg-Arg-AFC 
was used as a substraie. 

^Inhibidon constants were measured in 20 mM Hepes, pH 7.2 buffer , containing 10 mM CaCh* 
10 mM P-mcrcapioethanoU and at 25 °C. Suc-Leu-Tyr-AMC was used as a substrate. 
^Inhibition constants were measured in 50 mM Tris-HCU pH 73 buffer , containing 20 mM 
EDTA, 5 mM cysteine, 9 % Me2SO, and at 25 °C. N^t-Benzoy 1-Arg-NA was used as a substrate. 
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10 



35 



Whaiisdaiinedis: 
1 . A compound of the fonnula: 

M1-AA-NH-CHR2-CO-CO-NR3R4 
era idiannaceutically acceptable salt, wherein 

Ml represents H, NH2-CO-, NH2-CS-. NH2-SO2-, X-NH-CO-. X7N-CO-, 
X-NH-CS-. X2N-CS-. X-NH-SO2-. X2N-SO2-, X-CO-, X-CS-, X.SO2-, X-O-CO- or 
X-OCS-; 

X is selected fitom the group consisting of Ci-io aUcyU Cmq fluoroalkyl, Cmq alkyl 
substituted widi J, Cmo fluoroalkyl substimted with J. l-admantyU 9-fluoienyl, phenyl, 
phenyl substituted widi K, phenyl disubstituted with K, phenyl trisubstituted with K, naphthyl^ 
naphthyl substituted with K, naphthyl disubstituted with K, naphdiyl trisubstituted with K. 
Ci.io alkyl with an attached phenyl group, Cmo alkyl widi two attached phenyl groups. Q. 
10 alkyl witii an attached phenyl group substimted with K, Ci-io alkyl with two attached 
phenyl groups substituted with K, Ci-io alkyl with an attached phenoxy group, and Ci-io 
15 alkyl wirii an attached phenoxy group substituted widi K on die phenoxy group; 

J is selected from die group consisting of halogen. CCX)H. OH, CN, NO2. NH2, Ci. 
10 alkoxy. Ci-io alkylamine, C2.12 dialkyUunine, Clio alkyl-O-CO-, Clio alkyl-O-CO- 
NH-, and Clio alkyl-Ss 

K is selected from the group consisting of halogen, Clio alkyl, Clio pcrfluoroalkyl, 
Cj.io alkoxy. NO2. CN, OH, C02a amino, Clio alkylamino. C2.12 dialkylamino, Ci- 
Cio acyl. and Ci.iq alkoxy-CO-. and Clio alkyl-S-; 

AA is a side chain blocked or unblocked antina add with die L configuration. D 
configuration, or no chiialiiy at die a-carbon selected from die group consisting of alanine, 
valine, leucine, isoleucine, proline. medUonine. meduonine sulfoxide, phenylalanine, 
ayptophan. glycine, serine, tiireonine. cysteine, tyrosine, aspaiagine. glutamine. aspartic add, 
glutamic add. lysine, arginine, histidine, phenylglydne, beta-alanine, norleucine, norvaline, 
alpha-aminobutyiic add, epsflon-aminocaproic acid. dtrulUne. hydroxyproline, omitiiine. 
homoarginine. sarcosine, indoline 2<arboxylic acid, 2.a2etidinecarboxyUc acid, pipecolinic 
add (2-pipciidine carboxylic acid). 0-mediylserine. O^diylserine. S-mediylcyste^^^ 
ediyteystdne. S-benrylcysteine, NH2-CH(CH2CHEt2)-COC»i alpha-aminoheptanoic acid. 
NH2-CH(CH2-l-napdiylKOOH. NH2-CH(CH2-2.napdiyl).COOH. NH2-CH(CH2- 
cyclohexyl)-COOH. NH2-CH(CH2-cyclopentyl)-COOH. NH2-CH(CH2.cydobutyl)-COOH. 
NH2-CH(CH2-cyclopropyl)-COOH, uifluoroleucine, and hexafluoroleucine: 

R2 is selected from die group consisting of Cl8 branched and unbranched alkyl, Cl8 
branched and unbranched cyclized alkyl. and Ci.g branched and unbranched fluoroalkyl; 

R3 and R4 are selected independently from die group consisting of H. C 1 .20 alkyl, C 1 . 
20 cydized alkyl, Cl20 alkyl widi a phenyl group attached to die C1.20 alkyl. Ci.-jq cyclized" 
alkyl widi an attadied phenyl group. C l20 alkyl widi an attached phenyl group substituted 
widi K. Cl20 alkyl widi an attached phenyl group disubstituted widi K, Ci.-jq alkyl widi an 



20 



25 



30 
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attached phenyl group msubstitutcd with K, C 1.20 cyclized alkyl with an attached phenyl 
group substituted with K, Ci.io aO^l & morpholine [-N(CH2^2)01 nng attached 
through nitrogen to the alkyl Ci.io * piperidine ring attached through nitrogen to 

the alkyU Cj. 10 ^1 with a pyrrolidine ring attached through nitrogen to the dikyl C1.20 

5 alky 1 widi an OH group attached to die alkyl. -CH2CH2OCH2CH2OH, C 1. 10 with an attached 
4-pyridyl group, Ci^io with an attached 3-pyridyl group, Ci.iq with an attached 2-pyridyl 
group, Ci^io with an attached cyclohexyl group, -NH-CH2CH2-(4-hydroxyphenyl), and - 
NH-CH2CH2-(3-indolyl). 
2. A compound of the fbnnula: 

10 M1-AA2-AA1-CO-NR3R4 
or a phannaceutically accq>table salt, wherein 

Ml represents H, NH2-CO-, NH2-CS-, NH2-SO2-, X-NH-CO-. X2N-CO-, 
X-NH-CS-. X2N.CS-. X.NH-SO2-. X2N-SO2-. X-CO-, X^S-. X-SO2-. X-0-CO-, or X- 
0-CS-; 

15 X is selected from the group consisting of Ci-io alkyU Ci.io fluoroallgrl, Ci.io aU^i 

substimted widi J, Ci-io fluoroalkyl substituted widi J, l-admantyl, 9-fiuorenyl, phenyl, 
phenyl substituted with K, phenyl disubstituted with K, phenyl trisubstituted with K, naphthyl, 
naphthyl substituted with K, naphthyl disubstituted with K, nq)bthyl trisubstituted with K, 
Cl-iO alkyl with an attached phenyl group, Ci-io alkyl with two attached phenyl groups, Ci- 

20 10 alkyl with an attached phoiyl group substimted with K, C 1. 10 alkyl with two attached 
phenyl groups substimted with K, Ci-io alkyl with an attached phenoxy group, and Ci.io 
alkyl with an attached phenoxy group substimted with K on the phenoxy group; 

J is selected from the group consisting of halogen, COOH, OH, CN, NO2, NH2, Ci- 
10 alkoxy, Ci-io alkylamine, C2-12 diaD^lanune, Ci.io alkylO-CO-, Ci-io all^l-O-CO- 

25 NH-.andCi.ioalkyl-S-; 

K is selected from the group consisting of halogen, Ci.io alkyl, Ci.io perfhioroallgrl, 
Cj.io alkoxy, NO2, CN, OH, CO2H, amino, Cj.iq allgrlanuno, C2.12 dialkylamino, Ci* 
Cio acyl, and Ci.io alkoxy-CO-, and Ci.io alkyl-S-; 

AAi is a side chain blocked or unblocked amino acid with the L configuration, D 

30 configuration, or no chiraUty at the a-carbon selected from the group consisting of alaxune, 
valine, leucine, isoleucine, proline, methionine, methionine sulfoxide, phenylalanine, 
tiyptopharu serine, threonine, cysteine, tyrosine, asparagine, glutamine, aspartic acid, glutamic 
acid, lysine, arginine, histidine, phenylglycine, beta-alaiune, norleucine, norvaline, alpha- 
anunobutyric acid, epsilon-aminocaproic acid dtruliine. hydroxyproline, ornithine, 

35 homoarginine, sarcosine, indoline 2-carboxylic acid, 2-azeQdinecarboxylic add, pipecolinic 
acid (2-pipcridinc carboxylic acid), O-methylserine, O-ethylscrinc, S-methylcysteinc, S- 
ethylcysteine, S-benzylcysteine, NH2~CH(CH2CHEt2)-COOH, aipha-aminoheptanoic acid, 
NH2-CH(CH2-l-napthyl)-COOH, NH2-CH(CH2-2-napthyl)^OOH, NH2-CH(CH2- 
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cyclohcxyl),COOH, NH2-CH(CH2-cyclopeiityl).CCX)H. NH2-C3JfCH2-cyclobutyl).COOH, 
NH2-CH(CH2-cyclopn>pyl)-COOa trinuoroleucine, and hexafluoroleucine: 

AA2 is a side chain blocked or unblocked amino acid with the L configuration, D 
configuration, or no chirality at the a-carbon selected from the group consisting of alanine. 
5 valine, leucine, isoleucine, proline, mnhionine. methiomne sulfoxide, phenylalanine, 

tryptophan, glycine, serine, threonine, cysteine, tyrosine, aspaiagine, glutamine. aspartic acid, 
glutamic add, lysine, argioine. histidine, phaqrlgiydne, beta-alanine, norleucine, noivaline, 
alpha-aminobutyiic add, epsilon-aminocaptoic add, diniUine, itydroxyproline, ornithine, 
homoaiginine, sarcosine, indoline 2-carboxylic acid, 2-azetidinecaii)oxylic add, pipecolinic 

10 acid (2-piperidine carboxylic acid), O-methylserine, 0-ethylserine. S-methylcystdne, S- 
ethylcystdne, S-benzylcysteine, NH2-CH(C3!2CHEt2>COOH, alpha-aminoheptanoic add. 
NH2-CH(CH2-l-napthyl)-CCX)H, NH2-CH(aJ2-2-napthyl)-COOH. NH2-CH(CH2- 
cyclohexyD-COOH, NH2-CH(CH2-cyclopentyl).COOH, NH2-CH(CH2-cyclobutyl).COOH, 
NH2-CH(C3l2-cyctopropyl)-COOH, trifluoroleucine, and hexafluoroleucine; 

15 R3 and R4 are selected independent ftom the group consisting of H, C1.20 ^l- 

20 cydized alkyl, Ci.^ alkyl with a phenyl group attached to die C1.20 C1.20 cydized 
alkyl with an attached phetqrl group, Ci.2a alkyl with an attached phenyl group substituted 
with K. C1.20 alkyl widi an attached phenyl group disubstituted with K, C1.20 alkyl with an 
attached phenyl group trisubstitutcd with K, C1.20 cyclized alkyl with an attached phenyl 

20 group substituted widi K. Ci.io alkyl with a motpholine (-N(CH2CH2)0] ring attached 
through nitrogen to die alkyl, Ci.io alkyl widi a piperidinc ring attached through nitrogen to 
the alkyl, Cy. iq alkyl witii a pyrrolidine ring attached through nitrogen to die alkyl, C1.20 
alkyl widi an OH group attached to die aBcyl, -CH2CH2OCH2CH2OH, Chq widi an atiadied 
4-pyridyl group, Ci.io widi an attached 3-pyridyl group, Ci.jo widi an attached 2-pyiidyl 

25 group, Cmo widi an attached cyctohexyl group. -NH-CH2CH2-(4-hydroxyphenyl), and - 
NH-CH2CH2-(3-indolyl). 
3 . A compound of the formula: 

M1-AA-AA-AA-CO-NR3R4 
ora phannaceutically accqnable salt, wdierdn 

30 Ml represents H. NH2-Ca. NH2-CS-, NH2-SO2-. X-NH-CO-. X2N-CO-, 

X-NH-CS-. X2N.CS.. X-NH-SO2-. X2N.SO2-, X-CO-, X-CS-. X-S02-, X-O-CO-. or X- 
0-CS-: 

X is selected fix)m the group caisisting of d-io alkyl, Cmq fluoroalkyl. Cmq alkyl 
substituted witii J. C mo fluoroalkyl substituted widi J. 1-admantyl, 9-fluorcnyl, phenyl. 
35 phenyl substituted widi K. phenyl disubstinxted wiUi K, phenyl trisubstitutcd widi K, naphdiyl. 
naphdiyl substiuted widi K. naphdiyl disubstiwted widi K, naphdiyl trisubstitutcd widi K. 
Cl-lO alkyl widi an attached phenyl group, Cmq alkyl widi two attached phenyl groups, C j. 
10 allqrl widi an attached phenyl group substiuted widi K, C i- 10 alkyl widi two attached 
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phenyl groups substituted with K, Ci-io alkyi with an attached phenoxy group, and Ci-io 
alkyl with an attached phenoxy group substituted with K on the phenoxy group; 

J is selected fixim the group consisting of halogen, COOH, OH, CN, NO2, NH2. Ci- 
10 alko)gr, Cmq alkylamine, C2.12 diallgrlanune, Ci-io alkyl-O-CO-, Ci-io alkyl-OCO- 
5 NH-,andCi.ioalkyl-S-; 

K is selected ftom the group consisting of halogen, Ci.jo ^^^^ ^UIO perfluoroalkyl. 
Ci.io alkoxy, NO2, CN. OH, CO2H, amino, Ci^io alkylamino, €2-12 dialkylamino, Ci- 
Cio acyl, and Ci.io alkoxy-CX>-, and C^.io alkyl-S-; 

AA is a side chain blocked or unblocked amino acid with the L crafiguiation, D 

10 configuration, or no cfaiiality at the a-caxbon sdected fiom the group consisting ci alamne, 
valine, leucinct isoleucine, proline, methionine, methionine sulfoxide, phenylalanine, 
tryptophan, glycine, serine, threonine, cysteine, tyrosine, aspan^e, glutamine, aspartic acid, 
glutamic acid, lysine, arginine, histidine, phenylglycine, beta-alanine, norleucine, nonraline, 
alpha-aminobutyric acid, epsilon-aminocaproic acid, citruUine, hydioxyproline, ornithine, 

15 homoarginine, sarcosine, indoline 2-carboxylic acid, 2-azetidinecaiboxylic acid, pipecolinic 
add (2-piperidine carboxylic add), O-methylserine, O-ethylseiine, S-methylcystdne, S- 
ediylcysteine, S-ben^lqrsteine, NH2-CH(CH2CHE^)-COOH, aipharaminoheptanoic add, 
NH2-CH{CH2-l-napthyl)-COOH, NH2-CH(CH2-2-napthyl)-COOH, NH2-C3I(CH2- 
cyclohcxyl)-COOH, NH2-CH(CH2-cyclopentyl)-COOH, NH2-CH(CH2-cyclobutylKOOH, 

20 NH2-CH(CH2-cyclopropyl)-COOH, trifluoroleucine, and hexafluoroleucinc; 

R3 and R4 are selected independently ftom the group consisting of H, C 1.20 Cj. 
20 cyclized alkyl, C1.20 allcyl with a phenyl group attached to the C1.20 alkyl, C|.20 cydized 
alkyl with an attached phenyl group, C|.2o alkyl with an attached phenyl group substituted 
with K, C1.20 ™ attached phenyl group disubstituted with K, C 1.20 alkyl with an 

25 attached phenyl group trisubstituted with K, C1.20 <7clizBd alkyl with an attached phenyl 
group substituted with K, Ci.io alkyl with a moipholine [-N(CH2CH2)0] ring attached 
through nitrogen to the alkyl, Ci.xo ^ piperidine ring attached through nitrogen to 

the 3ikyl C i^iq alkyl with a pyrrolidine ring attached through nitrogen to the alkyl, C1.20 
alkyl with an OH group attached to the alkyl, -CH2CH2OCH2CH2OH, Ci.io with an attached 

30 4-pyridyl group, Ci.io with an attached 3-pyridyl group, Cj.iq with an attached 2-pyridyi 
group, Cj.io with an attached cyclohexyl group, -NH-CH2CH2-(4-hydroxyphenyl), and - 
NH-CH2CH2-(3-indolyl). 
4. A compound of the formula: 

M1-AA.AA-AA.AA-CO.NR3R4 

35 or a pharmaceutically acceptable salt, wherein 

Ml represents R NH2-CO-, NH2-CS-, NH2-SO2-, X-NH-CO-, X2N.CO-, 
X-NH-CS., X2N-CS., X-NH-SO2-, X2N.SO2-, X-CO-, X-CS-, X-S02-. XO-CO-, or X- 
0-CS-; 
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X is selected from the group consisting of Cmq aUcyl, Ci-io fluoioalkyl, Ci-io alkyl 
substituted with J, Ci-io fluoroalkyl substituted with J, 1-admantyl, 9-fluorenyI, phenyl, 
phenyl substituted with K, phenyl disubstituted with K, phenyl trisubstituted with naphthyi 
naphthyl substituted with naphthyl disubstituted with naphthyl frisubstituted with K, 
5 Ci-io allcyl with an attached phenyl group, Ci-io alkyl with two attached phenyl groups. Ci- 
10 alkyl with an attached phenyl group substituted widi K, Ci.io alkyl with two attached 
phenyl groups subsututed with K, Cmq alkyl with an attached pbenoxy group, and Cmq 
alkyl with an attached phenoxy group substituted with K on the phenoxy group; 

J is selected from the group consisting of halogen, COOH, OH, CN, N02» NH2, Cu 

10 10 alkoxy, Cmo alkylamine, C2.12 diallqflamine, Ci-io alkyl-O-CO-, Ci-io alkyl-0<X> 
NH-, andCi.ioalkyl-S-; 

K is selected from the group consisting of halogen, Ci.io alkyl, Ci.ioperfluoroalkyl. 
Ci.io alkoxy, NO2, CN, OH, CO2H, amino, Ci.io alkylamino, C2.12 dialkylamino, Ci- 
Cio acyl, and Ci.io alkoxy-CO-, and Ci.jo aikyl-Ss 

IS AA is a side chain blocked or unblocked amino acid with the L configuration, D 

configuration, or no chiiali^ at the a-carbon selected fiom the group consisting of alanine, 
valine, leucine, isoleucine, proline, methbnine, methionine sulfoxide, phenylalanine, 
tryptophan, glycine, serine, threonine, cysteine, tyrosine, asparagine, glutaminc, aspartic acid, 
glutamic acid, lysine, arginine, histidme, phenylglycine, bcta-alanine, norleucine, norvaline, 

20 alpha-aminobutyric acid, epsilon-aminocaproic acid, citrulline, hydroxyproline, ornithine, 
homoarginine, sarcosine, indoline 2-carboxylic acid, 2-azetidinecarboxylic acid, pipecolinic 
acid (2-piperidine carboxylic acid), O-metfiylsciinc, O-ethylserine, S-mediylcysteine, S- 
ethylcysteine, S-benzylcysteine. NH2-CH(CH2CHEt2)-COOH, alpha-aminoheptanoic arid. 
NH2-CH(CH2-l-napthyl).COOH, NH2-C3I(CH2-2.napthyl)-COOH, NH2-C3I(CH2- 

25 cyclohexyD-COOH, NH2-CH(C3i2-cyclopentyl)-COOH, NH2-CH(CH2-cyclobutyl)-COOH, 
NH2-ai(CH2-cyclopropyl)-COOH, trifluorolcucine, and hexafluoroleucine; 

R3 and R4 are selected independently from the group consisting of H, C1.20 ^^l* Cj. 
20 cyclized alkyl, C 1.20 alkyl with a phenyl group attached to the C 1.20 alkyl, C 1.20 cyclized 
alkyl with an attached phenyl group, Ci,20 alkyl with an attached phenyl group substituted 

30 with K. C1.20 alkyl with an attached phenyl group disubstituted with K, C1.20 alkyl with an 
attached phenyl group trisubstituted witii K, C1.20 cyclized alkyl with an attached phenyl 
group substituted witii K, Ci.io alkyl witii a morpholine [-N(CH2CH2)0] ring attached 
through nitrogen to the alkyl, Ci.io alkyl witfi a piperidine ring attached through nitrogen to 
the alkyl^ Ci. 10 alkyl with a pyrrolidine ring attached through nitrogen to the alkyl, C1.20 

35 alkyl witii an OH group attached to tiie alkyl, -CH2CH2CXH2CH2OH, Ci^iq with an attached 
4-pyridyl group, Ci.io with an attached 3-pyridyl group, Ci^iq with an attached 2-pyridyl 
group, Ci.io wiUi an attached cyclohexyl group, -NH-CH2CH2-(4-hydroxyphenyl). and - 
NH-CH2CH2-(3-indolyl). 
5 . A compound of die formula: 
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M1-AA-CO-NR3R4 
or a phannaceudcally acceptable salt v^ierein 

Ml represents H, NH2-CO-, NH2-CS-, NH2.SO2-. X-NH-CO-, X2N-CO-, 
X-NH-CS-^ X2N.CS-, X-NH-SO2-. X2N.SO2-, X.CO-* X-CS-. X-SO2-, X<W;0-. or X- 
5 O-CS.; 

X is selected from the group consisting of Ci-io alkyl, Ci-io fluoroalkyl, Ci-io alkyl 
substituted with J, Ci-iQ fluoroalkyl substituted with J, l-admantyU 9-fIuoienyU phoiyU 
phenyl substituted with phenyl disubstituted with K, phenyl trisubstituted with K, naphtfayl, 
naphthyl substituted with K, naphthyl disubsdtuted with K, naphthyl trisubsdtuted with K, 

10 Ci-io alkyl with an attached phenyl group, Ci-io alkyl wiA two attached phenyl groups, Ci. 
10 alkyl with an attached jAenyl group substituted with K, Ci-io all^l with two attached 
phenyl groups substituted with K, Ci-io alkyl with an attached idienoxy group, and Ci.io 
alkyl with an attached phenoxy group substituted with K on the phenoxy group; 

J is selected from the group consisting of halogen, COOH, OH, CN, NO2, NH2, Ci- 

15 10 alkoxy, Ci-io alkylaminc, C2-12 diaUqrlamine, Cuoalkyl-G-CO-, Ci-io aUgrlO-CO- 
NH-, and Ci.iq allqrl-S-; 

K is selected from the group consisting of halogen, C^.^q alkyl, C^.^q perfluoroalkyl, 
Ci.xo alkoxy, NO2, CN, OH, CO2H, amino, C^.^q alkylamino, C2.12 dialkylamino, Cj- 
Cio acyl, and Ci.iq alkoxy-CO-, and C^.^q alkyl-S-; 

20 A A is a side chain blocked or unblocked amino acid with the L configuration, D 

configuration, or no chirality at the a-carbon selected from the group consisting of alazune, 
valine, leucine, isoleucine, proline, methionine, methionine sulfoxide, phenylalanine, 
tryptophan, glycine, serine, threonine, cysteine, tyrosine, asparagine, glutamine, aspartic acid, 
glutamic acid, lysine, arginine, histidine, phenylglycine, beta-alanine, norleucine, norvaline, 

25 alpha-aminobutyric add, q)sik>n-aminocaproic acid, citruUine, hydroxyproline, ornithine, 
homoaiginine, sarcosine, indoline 2-carboxylic acid, 2-azetidinecarboxylic add, pipecolinic 
acid (2-piperidine carboxylic add), O-mediylserine, 0-ediylserine. S-metiiylcysteine, S- 
ethylcysteine, S-benzylcystdne, NH2-CH(CH2CHEt2>COOH, alpha-aminoheptanoic acid, 
NH2-CH(CH2-l-napdiyl)-COOH, NH2-CH(CH2-2-napthyl)-COOH, NH2-CH(CH2- 

30 cyclohexyD-COOH, NH2-CH(CH2-cyclopcntyl)-COOH, NH2-CH(CH2-cyclobutyl).COOH, 
NH2"CH(CH2-cyclopropyl)-OOOH, trifluoroleucine, and hcxafluoroleucine; 

R3 and R4 are selected independentiy from die group consisting of H, C1.20 alkyl, C 1. 
20 cyclized alkyl, C1.20 alkyl widi a phenyl group attached to the C1.20 alkyl, C1.20 cyclized 
alkyl with an attached phenyl group, C1.2O ^ attached phenyl group substituted 

35 with K, C1.20 alkyl with an attached phenyl group disubstituted with K, C 1.20 ^^kyl widi an 
attached phenyl group trisubstituted with K, C1.20 cyclized alkyl with an attached phenyl 
group substituted with K, Ci.iq alkyl witii a moipholine [-N(CH2CH2)0] ring attached 
through nitrogen to the alkyl, Cj.iq alkyl with a piperidine ring attached through nitrogen to 
the alkyl, C|.iq alkyl with a pyrrolidine ring attached thiou^ lutiogen to the alkyl, C1.20 
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alkyl with an OH group attached to the alkyl, -CH2CH20CH2CH20a Cmq with an attached 
4-pyridyl group, Ci.iq with an attached 3-pyridyl group, Cj^iq with an attached 2-pyridyl 
group, Ci.io with an attached cyclohexyl group, -NH-CH2CH2-(4-hydroxyphenyl), and - 
NH-CH2CH2-(3-indolyl). 
5 6* A compound of the formula: 

M1-AA.NH-CHR2-CO-CO-OH 
or a pharmaceutically acc^nable salt, wherein 

Ml represents H, NH2-CO-, NH2-CS-, NH2-SO2-, X-NH<:0., X2N-CO-. 
X-NH-CS-, X2N.CS., X.NH-SO2-, X2N.SO2-, X-CO-, X-CS-, X.S02-, X-0-CO-, or X- 
10 0-CS-; 

X is selected from the group consisting of Cmq alkyl, Cmo fluoroalkyl, Ci«io.alkyl 
substituted witii J, Cmq fluotoalkyl substituted with J, 1-admantyl, 9-fluorcnyl. phenyl, 
phenyl substituted widi K, phenyl disubstituted with K, phenyl trisubstituted with K, naphdiyl, 
naphthyl substituted with K, naphthyl disubstinited with K, naphdiyl trisubstituted with K, 

15 Ci-10 alkyl with an attached phenyl group, Ci-io alkyl witii two attached phenyl groups, Ci- 
10 alkyl with an attached phenyl group substituted with K, Cmq alkyl witii two attached 
phenyl groups substituted with K, Ci-io alkyl widi an attached phcnoxy group, and Ci-io 
alkyl with an attached phenoxy group substituted with K on the phenoxy group; 

J is selected from die group consisting of halogen, COOH, OH, CN, NO2, NH2, Ci. 

20 10 alkoxy, Cuio alkylamine, C2.12 dialkylamine, Ci-io alkyl-O-CO-, Cmq alkyl-aCO- 
NH-.andCi.ioalkyl-S-: 

K is selected from the group consisting of halogen, Chq alkyl, Ci.iq pcrfluoroalkyl, 
Ci.io alkoxy, NO2, CN, OH. CO2H, amino, Ci.iq aJkylamino, C2-12 dialkylamino, Ci- 
Cio acyl, and Ci.io alkoxy-CO-, and Ci.iq alkyl-S-; 

25 AA is a side chain blocked or unblocked amino acid with the L configuration, D 

configuration, or no chirality at the a-carbon selected from the group consisting of alanine, 
valine, leucine, isoleucine, proline, methionine, metiiionine sulfoxide, phenylalanine, 
tryptophan, glycine, serine, tiueonine, cysteine, tyrosine, asparagine, glutamine, aspartic acid, 
glutamic acid, lysine, arginine. histidine, phcnylglycine, beta-alanine, noricucine, norvaline. 

30 alpha-aminobuQrric acid, epsilon-anunocaproic add* citrulline, hydroxyproline, omitiune, 
homoarginine, sarcosine, indolinc 2<arboxylic acid, 2-azetidinecarboxylic add, pipecolinic 
add (2-pipcridine carboxylic add), O-mcthylscrine, O-ethylserine, S-methylcystdne, S- 
ethylcysieine, S-bcnzylcystcine, NH2-CH(CH2CHEt2)-COOH, alpha-aminoheptanoic acid, 
NH2-CH(CH2-l-napthyl)-COOH, NH2-CH(CH2-2.naptiiyl).COOH, NH2-CH(CH2- 

35 cyclohexyl)-COOH, NH2-CH(CH2-cyclopcntyl).COOH, NH2-CH(CH2-cyclobutyl)-COOH, 
NH2-CH(CH2-cyclopn>pyl)-COOH, trifluoroleucine, and hexafluoroleucine; 

R2 represents Ci.g branched and unbranched alkyl, Ci.g branched and unbranched 
cyclized alkyl, or Ci.g branched and unbranched fluoroalkyl; 
7 . A compound of the formula: 
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Mi-AA2-AAi-CC>OH 
ora phannaccaidcally acceptable salt» wherein 

Ml represents H, NH2-CO-, NH2-CS., NH2-SO2-, X-NH-CO% X2N-C0., 
X-x\H-CS-, X2N<:S-, X-NH^02-, X2N-SO2-, X^O-, X-CS-, X-S02-, X^CO-. or X- 
5 O-CS-: 

X is selected from the gioup consisting of Ci-io aUcyl Ci.io fluoroalkyl, Ci.io aUcyl 
substituted widi J, Ci.io fluoroalkyl substituted widi J, l-admantyU 9-fluotenyl, phenyl, 
phei^l substituted widi phenyl disubstituted with K, phenyl trisubstimted with K, naphthyl, 
naphthyi substituted with K, naphthyl disubstituted with K, naphtiiyl trisubstituted with K, 

10 Ci-io alkyl with an attached phenyl group, Ci-io alkyl with two attached phenyl groups, Ci- 
10 alkyl with an attached phenyl group substituted with K, and Ci^io alkyl with two attached 
phenyl groups substituted widi K, Ci-iQ ^U^l ^ attached phenoxy group, and Ci.io 
alkyl with an attached phenoxy group substituted with K on the phenoxy group; 

J is selected from the group consisting of halogen, COOH, OH, CN, NO2, NH2, Ci. 

15 10 alkoxy, Ci-io alkylamine, C2-12 dialkylaminc, Cuo alkyl-O-CO-, Ci-io alkyl-O-CO- 
NH% and Cuo alkyl-S-; 

K is selected from the group consisting of halogen, C aU^U ^ 1- 10 petfluoroalkyl, 
C^.io alkoxy, NO2, CN, OH, CX)2H, amino, C^.^q alkylanuno, C2.12 diallgrlamino, Cj- 
Cjo acyl, and Cj.io alkoxy-CO-, and Cj.jo alkyl-S-; 

20 AA I is a side chain blocked or unblocked amino acid with the L configuration, D 

configuration, or no chirality at the a-carbon selected from the group consisting of alaiune, 
valine, leucine, isoleucine, proline, methicxiine, methionine sulfoxide, phenylalanine, 
tryptophan, serine, threonine, cysteine, tyrosine, asparagine, glutamine, aspartic acid, glutamic 
acid, lysine, argiiune, histidine, phenylglydne, beta-alanine, norleucine, norvaline, alpha- 

25 aminobu^c acid, epsilon-aminocaproic add, dtruUine, hydioxyproline, otiutfaine, 

homoarginine, sarcosine, indoline 2-caxbo3grlic acid, 2-azetidinecaiboxylic add, pipecolinic 
acid (2-piperidine carboxylic acid), O-methylserine, 0-ethylserine, S-methylcysteine, S- 
ethylcysteine, S-benzylcystdne, NH2-CH(CH2CHEt2)-COOH, alpha-aminoheptanoic acid, 
NH2-CH(CH2-l-naptiiyl)-COOH, NH2-CH(CH2-2-naptiiyl)-COOH, NH2-CH(CH2- 

30 cyclohcxyD-COOH, NH2-CH(CH2-cydopentyl)-COOH, NH2-CH(CH2-cyclobutyl).COOH. 
NH2'^(^2'<7<^^<>P^py^)~C^H« trifluoroleudne, and hexafluoroleucine; 

AA2 is a side chain blodml or unblocked amino add witii the L configuration, D 
configuration, or no chirali^ at the a-carbon selected from the group consisting ci alanine, 
valine, leucine, isoleudne, proline, methionine, methionine sulfoxide, phenylalarune, 

35 tryptophan, glycine, serine, threonine, cysteine, tyrosine, asparagine, glutamine, aspartic acid* 
glutamic acid, lysine, arginine, histidine, phenylglycine, beta-alanine, norleudne, norvaline, 
ali^a-aminobutyric acid, epsilon-aminocaproic acid, citrulline, hydroxyproline, ornithine, 
homoarginine, sarcosine, indoline 2-carboxylic acid, 2-azetidinecarboxylicacid, pipecoliruc 
acid (2-piperidine carboxylic acid), O-methylserine, O-ethylserine, S-methylcystdne, S- 
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eihylcysteme. S-bcnzylcystrinc, NH2-CHfCH2CHEt2)-CCX)H. alpha-aminohepianoic acid. 
NH2-CH(CH2-l-napthylM:CX)H. NH2-CH(CH2-2-napthyl).COOH. NHo-OKCHi. 
cyclohexyD-COOH. NH2-CH(CH2-cyclopentyl)-CCX)H. NH2-CH(CH2-c^clobutylK:OOH, 
^W2•<3^(CH2-cydopropyl)-CCOa trffluorotaucine, aiui hexafluoroleu^ 
5 8. Acon^undof thefomuila: 

Mi-AA-AA-AA-COOH 
or a phannaceudcaUy accqxable salt, w^ioein 

Ml represents H, NH2-CO-, NH2-CS-. NH2-SO2-, X-NH-CO-, X2N.CO-, 
X-NH-CS-, X2N.CS.. X-NH-SO2-. X2N.SO2-. X^O-. X-CS-. X.SO2-. X-O-CO- or X- 
10 0-CS-; 

X is selected fixMn the group consisting of Ci-io alkyl, Cmq fluoroalkyl, Ci-io alkyi 
substituted with J, Ci-io fluoroalkyl substituted with J. l-admantyl. 9-fluorenyl, phenyl, 
pheiiyl substituted witb K. phenyl disubstituted with K. phenyl tiisubstituted widi K. naphdiyl. 
naphthyl substituted with K. naphthyl disubstituted witii K, naphdiyl trisubstituted widi K, 
15 Ci-io alkyl witii an attached phenyl group. Cmq alkyl widi two attached phenyl groups. Ci. 

10 alkyl widi an attached phenyl group subsriftited widi K. and C MO alkyl widi two attach^ 
phenyl groups substituted widi K, Ci-io alkyl widi an attached phenoxy group, and Ci- 10 
alkyl with an attached phenoxy group substituted widi K on die phenoxy group; 

J is selected from die group consisting of halogen, COOH. OH. CN, NO2. NH2. Ci- 
20 10 alkoxy, Cmq alkylamine. C2.12 dialkylamine. Cmq alkyl-O-CO-, Ci-io alkyl-0<:0. 
NH-.andCi.ioalkyl-S-; 

K is selected from die group consisting of halogen, Cliq alkyl, Ci.jo peifluoroalkyl 
Ci.io alkoxy, NO2. CN. OH, CO2H, amino. Cmq alkylamino, €2.12 dialkylamino, Ci- 
Cio acyl, and Ci.jo alkoxy-CX)-, and Cj.iq alkyl-S-; 

AA is a side chain blocked or unhkicked amino arid widi die L configurarion, D 
configuration, or no cWiality at die a-carbon selected from die group consisting of alanine, 
valine, leucine, isoleucine, proline, mediionine, mediioninc sulfoxide, phenylalanine, 
tryptophan, glycine, serine, tiireonine, cysteine, tyrosine, asparagine, glutamine, asplrtic add. 
glutamic acid, lysine, arginine, histidine, phcnylglycine, beta-alanine, norieucinc, norvaline, 
30 alpha-aminobutyric acid, epsilon-antinocaproic add. dtrulline. hydroxyproline. omitiiine. ' 
homoarginine. saioosine. indoline 2.carboxylic add. 2-a2etidinecaiboxylic add, pipecolinic 
acid (2-piperidine carboxylic add). O-rnediylserine. Oetiiylserine. S-mcdiylcystdne. S- 
ediylcystcine. S-benzylcystdne, NH2-CH(CH2CHEt2K:OQH, alpha-aminoheptanoic add 
NH2-CH(CH2-l-napdiyl)^OOH. NH2-CH(CH2-2-napdiyI)-COOH. NH2-CH(CH<». 
cyclohexyD-COOH, NH2-CH(CH2-cyclopentyl)-COOH. NHj-aKCHj-cyclobutyo'cOOH, 
NH2-CH(CH2-cydopropyl)-COOH. nifluorolcucine, and hexafluoroleucine: 
9. A compound of die formula: 

Mi-AA-AA-AA-AA-COOH 
or a phamuoeutically acceptable salt, wherein 
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Mi represents H, NH2-CO-, NH2-CS-, NH2-SO2-, X-NH-CO-, X2N-CO., 
X-NH-CS% X2N-CS-, X-NH-SO2-. X2N-SO2-, Yi-CO-, X^S-. X-SO2-. X-0-CO-, or X- 
0-CS-; 

X is selected fiom the group consisting of Cmo alkyl^ Ci-io fluoroalkyl, Ci-iQ alkyi 
5 substituted with J, C i-io fluoroalkyl substituted with J, l-admantyl, 9-fluorcnyl, phenyl, 
phenyl substituted with phenyl disubstituted with K« phenyl trisubstituted with K, naphthyl, 
naphdiyl substituted with K, naphthyl disubstimted with K* naphthyl trisubstituted with K, 
Ci.io al^l with an attached phenyl group* Cuio alkyl with two attached phenyl groups, Ci- 
10 alkyl with an attached phenyl group substituted with K, and Ci.io alkyl with two attached 

10 phenyl groups substituted with K, Ci-io alkyi with an attached phenoxy group, and Ci-io 
alkyl with an attached phenoxy groiq) substituted with K on the phenoxy group; 

Yx is selected from the group consisting of C2-IO alkyl, Ci-io fluoroalkyl, Ci-io 
alkyl substituted with J, Ci-io fluoroalkyl substituted with J, l-admantyl, 9-fluorenyl, phenyl 
phenyl substituted with K, phenyl disubstituted with K, phenyl trisubstituted with K, naphthyl, 

15 naphthyl substituted witii K, naphdiyl disubstimted with K, naphthyl trisubstituted with K, 
Ci-io alkyl with an attached phenyl group, Ci-iO alkyl with two attached phenyl groups, Ci- 
10 all^l with an attached phenyl group substituted with K, and Ci-io alkyl with two attached 
phenyl groups substituted with K; 

J is selected fiom the group consisting of halogen, CCX)H, OH, CN, NO2, NH2, Ci- 

20 10 alkoxy, Ci-iQ alkylamine, C2-12 diallgrlanune, Ci-io alkyl-O-CO-, Ci-io alkyl-O-CO- 
NH-, and C 1.10 alkyl-Ss 

K is selected from the group consisting of halogen, C i^iq alkyl, C 1.10 perfluoroalkyl, 
Ci.io alkoxy, N02» CN, OH. CO2H, amino, Cuo alkylamino, C2-12 dialkylamino, Ci- 
Cio acyl, and Ci.io alkoxy-CO-, and Ci.jo allq^l-S-; 

25 AA is a side chain blocked or unblocked amino acid with the L configuration, D 

configuration, or no chirality at die a-carbon selected fiom the group consisting of alanine, 
valine, leucine, isoleucine, proline, methionine, methionine sulfoxide, phenylalanine, 
tryptc^han, glycine, serine, threonine, cysteine, tyrosine, asparagine, glutamine, aspartic acid, 
glutamic acid, lysine, arginine, histidine, phenylglycine, beta-alanine, norleucine, norvaline, 

30 alpha-aminobutyric acid, epsilon-aminocaproic acid, citrulline, hydroxyproline, ornithine, 
homoarginine« sarcosine, indoline 2-carboxylic acid, 2-azetidinecarboxylic acid, pipecolinic 
acid (2-piperidine carbo}^lic acid), 0-methyIserine, 0-ethylseiine, S-methylcysteine, S- 
ediylcystdne, S-ben^lcysteine, NH2-CH(CH2CHE^C00H, alpha-aminoheptanoic acid, 
NH2-CH(CH2-l-napthylKOOft NH2-CH(CH2-2-napthyl)-COOa NH2-CH(CH2- 

35 cycIohexyD-COOH, NH2-CHfCH2-cyclopentyl)-COOH, NH2-CH(CH2-cyclobutyl)-COOH, 
NH2-CH(CH2-cycIopropyI)-COOH, trifluoroleucine, and hexafluoroleucine; 
10. A compound of the formula: 

Mi-AA-COOH 
or a phannaceutically acceptable salt, wherein 
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Ml represents H, NH2-CO-. NH2-CS-. NH2-S02-. X-NH-CO-, X2N-CO-, 
X-NH-CS-. X2N-CS-. X-NH^02-, X2N.SO2-. Y2-CO-, X-CS-. X-S02-,XO<:0-, or X- 
O-CS-: 

X is selected from the group consisting of Cmo alkyl. Ci-io fluoroalkyl, Ci-io alkyl 
substituted with J, Cmo fluoroalkyl substituted widi J. l-admantyl, 9-fluorenyl, phenyl, 
phenyl substituted with K, phenyl disubstituted with K, phenyl trisubstituted with K, naphthyl, 
naphthyl substituted with K, naphthyl disubsdtuted with K. naphthyl irisubsdtuted with K. 
Ci-io allq'l with an attached phenyl group, Ci-io aJkyl with two attached phenyl groq», Ci- 
10 alkyl wid» an attached phenyl group substituted with K, and Ci-iQ alkyl with two attached 
phenyl groups substituted with K, Ci-io alkyl with an attached phenoxy gioup, and Cmq 
alkyl with an attached phenoxy group substituted with K on die phenoxy group; 

Y2 is selected from the group consisting of Cmq alkyl, Cmq fluoroalkyl, Cmo 
alkyl substituted with J, Cmo fluoroaU^l substituted with J, l-admantyl, 9-fluorenyl, phenyl 
substituted witii K, phenyl disubstituted widi K, phenyl trisubstituted witii K, naphtiiyl, 
naphtiiyl substituted witii K. w^htiiyl disubstituted witii K. naphtiqrl trisubstituted witii K, 
Cmo alkyl widi an attached phenyl group, Ci-iQ aD^I witii two aoached phenyl groups, Ci- 
10 alkyl witii an attached phenyl group substituted widi K, and Cmq alkyl widi two a**f^hm^ 
phenyl groups substituted witit K; 

J is selected from die group consisting of halogen. COOH, OH, CN. NO2, NH2, Ci. 
0 10 alkoxy, Cmo alkylamine, C2.12 dialkylamine, Cmo alkyl-O-CO-. Cmq alkyl-O-CO- 
NH-,andCi.ioalkyl-S-; 

K is selected fixwi die groiq> consisting (tf halogen, Ci.io alkyl. Ci.io perfluoroalkyl, 
Ci.io alkoxy, NO2, CN, OH, CO2H, amino. Cj.io alkylamino, C2.12 dialkylamino, Ci- 
Cio acyl. and Ci.io altoxy-O)-, and Ci.jo alkyl-S-; 

A A is a side chain blocked or unblocked amino acid widi die L configuiation, D 
configuration, or no chiraUty at the a-carbon selected firom die group consisting of alanine, 
valine, leucine, isoieucine. proline, meduonine, metiiionine sulfoxide, phenylalanine, 
tryptophan, glycine, serine, dneonine, cysteine, tyrosine, asparagine, glutamine, aspartic acid, 
glutamic add, lysine, arginine, histidine, phenylglycine, beta-alanine, norleucine, norvaline, 
aipha-aminobutyric add. epsilon-aminocaprok add, dtruUine, hydroxyproline, omidiine, 
homoaiginine, saicosine, indoline 2-caibatylic add, 2-a2etidinecarboxylic add, pipeoolinic 
add a-piperidine carboxylic acid), O-mediylserine, O-cdiylserine, S-mediylcysteine, S- 
ediylcystdne, S-benzylcysteine. NH2-CH(CH2CHEt2)-COOH, alpha-aminohepianoic acid, 
NH2-CH(CH2-l-napdiyl)-COOH. NH2-CH(CH2-2-napdiyl)-COOH, NH2-CH(CH2- 
cyclohexyD-COOH, NH2-CH(CH2-cyclopentyi)-COOH, NH2-CH(CH2-<^clobutyl>COOH, 
NH2-CEJ(CH2-cyclopropyl)-COOH, trifluoroleucine, and hexafluoroleucine; 
11. A oonqwund of the formula: 

M1-AA2-AA1-CO-O-R1 
or a phannacentically acceptable salt vAuadn 
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Ml represents K NH2-CO-, NH2-CS-, NH2-S02% X-NH-CO-, X2N.CO-, 
X-NH-CS-. X2N-CS-, X-NH.SO2-. X2N-SO2-, X-CO. X-CS-, X-SOi-'ko^O-, or X- 
OCS-; 

X is selected ftom the group omsisting rf CnQalkyU Ci-io fluoroalkyl, Ci.io alkyl 
substituted with J, Ci-io fluoroalkyl substituted with J, l*adinantyl, 9-fluorenyU phenyl, 
phenyl substituted with K, phenyl disubstituted with K, phenyl tiisubstituted with naphthyl, 
naphthyl substituted with K, naphthyl disubstituted with K, naphthyl ttisubstitutBd with K» 
Ci-io alkyl with an attached phenyl group, Ci-io alkyl with two attached phenyl groups, Ci. 
10 all^i with an attached phenyl groiq) substituted with K, and Ci. 10 alkyl with two attached 
phenyl groups substituted with K, Cmo alkyl with an attached phenoxy gtoup, and Ci-io 
all^l with an attached pheno}^ group substituted with K on the phenoxy group; 

J is selected from the group consisting of halogen, COOH, OH, CN, NO2, NH2, Ci- 
10 alkoxy, Ci-io alkylaminc, C2.12 dialkylamine, Ci.io alkyl-O-CO-, Ci-io alkyl-O-CO- 
NH-, and Cuo alkyl-S-; 

K is selected from the group consisting of halogen, Ci^io alkyl, Ci.io pcrfluoroalkyl, 
Ci.io alkoxy, NO2, CN, OH, CO2H, amino, Ci.io alkylamino, C2-12 dialkylamino, Ci- 
Cio acyl, and Ci.io alkoxy-CO-, and Ci.io all^I-S-; 

AA 1 is a side chain blocked or un blocked amino acid with the L configuration, D 
configuration, or no chirality at the a-carbon selected from the group consisting of alanine* 
20 valine, leucine, isoleucine, proline, methionine, methionine sulfoxide, phenylalanine, 

tryptophan, serine, threonine, cysteine, tyrosine, asparagine, glutamine, aspartic add, glutamic 
acid, lysine, arginine, histidine, phenylglycine, beta-alanine, norleucine, norvaline, alpha- 
aminobutyric acid, epsibn-aminocaproic acid, dtruUine, hydroxyproline, ornithine, 
homoarginine, sarcosine, indoline 2-carboxylic acid, 2-azetidinecarboxylic add, pipecolinic 
acid (2-pq)eridine carboxylic acid), 0*mediylserine, O-etbylserine, S-metiiylcysteine« S- 
ethylcysteine, S-benzyicysteine, NH2-CH(CH2CHEt2)-CCX)H, alpha-aminoheptanoic add, 
NH2-CH(CH2-l"napthyl).COOH, NH2-CH(CH2-2-napthyl).COOH, NH2-CH(CH2- 
cyclohexyD-COOH, NH2-CH(CH2-cyclopentyl).COOH, NH2-CH(CH2-cyclobutyl)-aXDH, 
NH2-CH(CH2-cyclopropyl)-COOH. trifluoroleucine, and hexafluoroleucine; 

AA2 is a side chain blocked or unblocked amino acid with the L configuration, D 
configuration, or no chirali^ at the a-carbon selected from the group consisting of leucine, 
isoleucine, proline, methionine, methionine sulfoxuie, phenylalaiune, tryptophan, glycine, 
serine^ threonine, cysteine, qnx>sine, asparagine, glutanune, aspartic acki, glutamic acid, lysine^ 
arginine, histidine, phenylglycine, beta-alanine, norleucine, norvaline, alpha-aminobutyric acid, 
epsilon-aminocaproic acid, dtruUine, hydroxyproline, ornithine, homoarginine, sarcosine, 
indoline 2-carboxylic acid, 2-azetidinecarboxylic acid, pipecolinic add (2-piperidine carboxylic 
acidl, 0-methylserine, O-ethylserine, S-methylcysteine, S-cthylcysteine, S-benzylcysteine, 
NH2-CH(CH2CHEt2)-COOH, alpha-aminoheptanoic acid, NH2-CH(CH2-l-napdiyl)-COOH, 
NH2-CH(CH2-2.napthyl)-COOH, NH2-CH(CH2-cyclohexyl)-COOH, NH2-CH(CH2- 
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cyclopcntyl)-CCX)H. NH2-CH(CH2-cyclobutyl)-COOH. NH2-CH(CH2-cyclopropyl)-COOa 
Difluoroleucine, and hexailuoroleucine; 

Rl is selected from the group consisting of H, C1.20 alkyl, C1.20 alkyi with a phenyl 
group attached to the C1.20 alkyl, and C1.20 alkyl with an attached phenyl group substituted 
with K. 

12. A confound of the fonnula: 

Mi-AA-NH-CHR2-CXK:(M)-R 
or a i^iannaceuticaUy accqjtable salt, wherein 

Ml represents H, NH2-CO-. NH2-CS-, NH2-SO2-, X-NH-CO-, X2N-CO-, 
X-NH-CS-. X2N.CS., X-NH-SO2-. X2N-SO2-. X-CO-. X-CS-. X-SO2-, X-CK:0-. or X- 
0-CS-, 

X is selected from the group consisting of Cmq alkyl, Ci-io fluoroalkyl, Ci-io alkyl 
sttbstimted with J. Cuo fluoroalkyl substituted with J, I-admantyl, 9-fluorenyl, phenyl, 
phenyl substituted with K, phenyl disubstiated with K, phenyl trisubstituted with K, w^hdqrl, 
n^hthyl substituted with K. nq)hthyl disubstituted with K. naphthyl trisubstituted with K, 
Ci-io alkyl with an attached phenyl group, Cmq allgrl wiUi two attached phenyl groups, Ci. 
10 alkyl with an attached phenyl group substituted with K, and Cmq alkyl with two attached 
phenyl groups substituted with K, Cmq alkyl widi an attached phenoxy group, and Cmq 
alkyl with an attached phenoxy group substituted with K on the phenoxy group; 

J is selected from the group consisting of halogen, COOH, OH, CN. NO2, NH2, Cu 
10 alkoxy, Cuio alkylamine, C2.12 dialkylamine, Ci-io alkyl-O-CO-, Ci-io alkyl-O-CO 
NH-,andCi.ioalkyl-S-; 

K is selected from the group consisting of halogen. Ci.^o alkyl, Cmq perfluoroalkyl, 
Ci.io alkoxy, NCh. CN, OH, CO2H, amino. C^iq alkylamino. C2.12 diaDcylamino. Ci- 
Cio acyl, andCi.io alkoxy-CO-, and Ci.io alkyl-S-; 

AA is a side chain blocked or unblocked amino acid witfi Ac L configuration, D 
configuratiOT, or no chirality at the a-carbon selected from the group consisting of alanine, 
valine, leucine, isoleucine, proline, methionine, metiiionine sulfoxide, phenylalanine, 
tryptophan, glycine, serine, threonine, qrsieine, tyrosine, asparagine, glutamine, aspartic acid, 
ghitamic add, lysine, arginine. histidine. phenylglydne, beta-alanine. norleucine. norvaline. 
alpha-aminobuQrric add, epsilon-aminocaproic acki, citruUine, faydroxyproline. ormdnne. 
homoarginine, sarcosinc, indoline 2-carboxylic acid, 2-a2etidinecarboxylic add, pipecolinic 
acid (2-piperidinc carboxyiic add), O-methylserine, O^thylseiine. S-methylcysteine, S- 
ethylcysteine. S-benzylcysteine, NH2-CH(CH2CHEt2)-COOa alpha-aminoheptanoic acid, 
NH2-CH(CH2- l-napthyl)-COOH, NH2-CH(CH2-2-napthyl)-COOH, NH2-CH(CH2- 
cydohexylKOOtt NH2-CH(CH2-cyclopentylK:OOH, NH2-CH(CH2-cyclobutyl)'-COOa 
NH2-CH(C3J2-cycl<q)ropyl)-COOH, trifluoroleudne, and hexafluoroleucine; 

R2 represents Ci.g branched and unbranched allqfl, C1.8 branched and unbranched 
cydized allgrl. or Ci^ branched and unbranched fluooallgrl: 
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R is selected from the gioup consisting of C1.20 ^1-20 & phenyl 

giotq) attached to the C1.20 and C1.20 ^Ikyl with an attached phenyl group substituted 
with K. ' 

13. A compound of the formula: 

M3-AA-AA-AA-COO-R 
or a i^aimaceutically acceptable salt, wherein 

M3 represents H, NH2-CO-, NH2-CS-, NH2-SO2-, X-NH-CO-, X2N-CO-, 
X-NH-CS-, X2N-CS-, X-NH-SO2-. X2N-S02-. X-CQ-, X-CS-. X.S02-, T-O-CO, or X- 
0-CS-; 

X is selected from the group consisting of Ci-io alkyl, Ci-io fluoroalkyU Ci.io alkyl 
substituted with J, Ci-io fluoroallgrl substituted widi J, l-adman^l, 9-fluorenyU phenyl, 
phenyl substituted with K, phenyl disubstituted with K» phenyl trisubstituted with K, naphthyl, 
naphthyl substituted with K, naphthyl disubstituted with naphthyl trisubstimted with 
Ci-10 aligrl witii an attached phenyl group, Ci-io allgrl with two attached phenyl groups, Ci- 
10 allQrl with an attached phenyl group substituted with K, and Ci-io aU^l with two ^tt^rhf^ 
phenyl groups substituted widi K, Cmo alkyl witii an attached phenoxy group, and Cmo 
alkyl with an attached phenoxy groiq> substimted with K on die phenoxy group; 

T is selected from the group consisting of Ci-io allQd, Ci-io fluoroalkyU Ci-io aU^l 
substimted widi J, Ci-io fluoroalkyi substimted widi J, 1-admantyl, Q-fluorenyl, phenyl, 
20 phenyl substituted witii K, phenyl disubstimted witii K, phenyl trisubstituted witii K, naphthyl, 
naphtiiyl substituted witii K, naphdiyl disubstimted with K, naphtiiyl trisubstimted widi K, 
C2.10 alkyl witii an attached phenyl group, Cmo alkyl widi two attached phenyl groups, Ci. 
10 alkyi witii an attached phenyl group substimted witii K, and Ci-io alkyl witii two flttarh^ 
phenyl groups substituted witii K; 

J is selected from die group consisting of halogen, COOH, OH, CN, NO2, NH2, Ci. 
10 alkoxy, Cmo alkylamine, C2-12 dialkylamine, Cmo alkyl-O-CO-. Cmo alkyl-O-CO- 
NH-, and Ci.io allgrl-Ss 

K is selected firom tiie group consisting of halogen, Ci^io alkyU Cj^iq perfluoroalkyl, 
Ci.io alkoxy, NO2, CN, OH, CO2H, amino, Ci.io alkylamino, C2.i2 diattylamino, Ci- 
Cio acyl. and Cj^iq alkoxy-CO-, and Ci-io alkyl-S-; 

AA is a side chain blocked or unblocked amino acid with tiie L configuration, D 
configuration, or no chirality at the a-carbon selected fiom the group consisting of alanine, 
valine, leucine, isoleucine, proline, mediionine, methionine sulfoxide, phenylalanine, 
tzyptophan, glycine, serine, threonine, cysteine, tyrosine, asparagine, glutamine, aspartic acid, 
glutamic acid, lysine, arginine, histidine, phenylglycine, beta-alanine, norieudne, norvaline, 
alpha-aminobutyric acid, epsibn-aminocaproic acid, citrulline, hydroxyproline, ornithine, 
homoarginine, sarcosine, indoline 2-carboxylic acid, 2-azetidinecarboxylic acid, pipecolinic 
add (2-pipcridine carboxylic acid), O-mediylscrine, O-ethylserine, S-mediylcysteine, S- 
etiiylcysteine, S-benzylcysteine, NH2-CH(CH2CHE^-COOR alpha-amxnoheptanoic acid. 
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NH2-CH(CH2-l-napthyi)-COOa NH2-CH(CH2-2-napthyl)-COOH, NH2-CH(CH'>. 
cydohexyD-COOH, NH2-CH(CH2-cyclopcntyl)-CC»H. NH2-CH(CH2-<^clobutylH:OOH. 
NH2-CH(CH2-cyclopropyl)-COOH, trifluoroleucine, and hexafluoroleucine: 

R is selected from the group consisting of H, C2.20 C1.20 alkyl with a phenyl 
group attached lo the C1.20 alkyl. and C1.20 alkyl with an attached phenyl group substituted 
widiK. 

14. A compound of the formula: 

M3-AA-AA-NH-CHR2-a>CO-OR 
or a fAa rm a ceut i c ally acceptable salt, wherein 

M3 represents H. NH2-CO-. NH2-CS-, NH2-SO2-. X-NH-CO-, X2N.CO., 

X-NH-CS-. X2N-CS-, X.NH.S02-. X2N-SO2-. x-co-. x<:s-, X.S02-. T-cwro- or X- 

0-CS-; 

X is selected from the group consisting of Cmo alkyl, Cmq fluoroalkyl, Cuio alkyl 
substinited with J, Cuo fluoroalkyl substituied with J, 1-admantyl, 9-fluoienyl, phenyl, 
phenyl substituted with K, phenyl disubstituted widi K. phenyl trisubstituted with K, naiAthyl. 
naphthyl substituted with K. naphdiyl disubstituted widi K. naphthyl trisubsdtuted with K, 
Cmo alkyl with an attached phenyl group. Cmo alkyl with two attached phenyl groups, Ci- 
10 alkyl with an attached phenyl group subsdtuied with K, and Cmq alkyl with two attached 
phenyl groups substituted with K. Cuo alkyl with an attached phenoxy group, and Cuo 
20 alkyl with an attached phenoxy group substituted with K on the phenoxy group; 

T is selected fiom the group consisting of Cmo alkyl. Cmq fluoroalkyl. Cmo alkyl 
substituted with J, Cmo fluoroalkyl substituted with J, 1-admantyl, 9-fluorenyl, phenyl, 
phenyl substituted with K, phenyl disubstituted with K, phenyl trisubstituted witii K, najiidtyl, 
naphthyl substituted with K, naphtiiyl disubstituted widi K. naphthyl trisubstituted widi K. 
C2.10 alkyl with an attached phenyl group. Cmo alkyl witii two attached phenyl groups. Ci. 
10 alkyl witfi an attached phenyl group substituted widi K, and Cmo alkyl with two attached 
phenyl groups substituted with K; 

J is selected from die group consisting of halogen, COOH, OH, CN. NO2, NH2, Ci. 
10 alkoxy, Cmo alkylamine, Cmq dialkylamine, Cmo alkyl-O-CO-, Cmo alkyl-O-CO- 
NH-,andCMoalkyl-S-; 

K is selected &om the group consisting of halogen. C^io alkyl, CMOpeifluoroalkyl, 
Cmo alkoxy, NO2, CN, OH, CO2H, amino. Cmq alkylamino. C2.12 dialkylamino, Ci- 
Cioacyl, and Ci.io alkoxy-CO-, and Cj.jo alkyl-S-; 

AA is a side chain blocked or unblocked amino acid widi the L configunuicm. D 
configuration, or no chirality at die a-carbon selected from die group consisting of alanine, 
valine, leucine, isoleucine, proline, metiiionine, meUiionine sulfoxide, phenylalanine, 
nyptophan, glycine, serine, doeonine. cysteine, tyrosine, aspaiagine, glutamine, aspaitic acid, 
glutamic add. lysine, arginine, histidine. phenylglydne. beu-alanine, norleucine, norvaline, 
alpha-aminobuiyric add, epsikm-aminocaproic acid, citrulline, hydroxyproline, omidiine. * 
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hOTioaigmine, saicosine, indcdine 2-carbQxylic acid, 2-azetidinecarboxylic acid, pipecolinic 
acid (2-pq)eridine carboxylic acid), O-methylserine, Oethylserine, S-methylcystdne, S- 
ethylcystdne, S-benzylcysteine, NH2-CH(CH2CHEt2)-COOH, alpha-aminoheptanoic acid, 
NH2-CH(CH2-l-napthylKOOH, NH2-CH(CH2-2-naptfiyl)-CCX)H, NH2-CH(CH2- 
5 cyclohexyl)-CCX)H, NH2-CH(CH2-cyclopcntyl)-C(X)H. NH2-CH(CH2-cyclobutyl)-COOH, 
NH2-CH{CH2-cyclopiDpyl)-CXX)H, trifluorolcucinc, and hexafluoroleucine; 

R2 represents C^.g branched and unbranched alkyi, Ci.g branched and unbranched 
cyclized alkyU or Ci.g branched and unbranched fluoioalkyl; 

R is selected from die group consisting of H, C1.20 all^U ^1-20 ^ phenyl 

10 group attached to the C1.20 aQ^U ^ ^1-20 ^ attached phenyl group substituted 

withK. 

IS. A compound of the formula: 

M3.AA4-AA.AA-AA-CQO-R 
or a phannaceutically acceptable salt, wherein 
15 M3 represents H, NH2-CO-, NH2-CS-, NH2-SO2-, X-NH-CO-, X2N-C0-, 

X-NH-CS-, X2N-CS-, X-NH.S02-. X2N-S02-, X-CO-, X-CS-, X-SO2-, T-O-CO-, or X- 
0-CS*; 

X is selected from die group consisting cS Cmo all^l, Ci.io fluoroalkyU Ci-io alkyl 
substituted with J, Ci-io fluoroaOcyl substituted with J, 1-admantyi, 9-fluorenyl, phenyl, 

20 phenyl substimted with K, phenyl disubstituted with K, phenyl trisubstituted with K, naphthyl, 
naphthyl substituted with K, naphthyl disubstituted with K, naphthyl trisubstituted with K, 
Ci-io alkyl with an attached phenyl group, Ci.io alkyl witii two attached phenyl groups, Ci. 
10 alkyl witii an attached phenyl group substituted with K, and Ci.io alkyl witii two attached 
phenyl groups substituted with K, Ci-io all^l witii an attached phenoxy group, and Ci.io 

25 dlkyl with an attached phenoxy group substimted with K on the phenoxy group; 

T is selected from die group consisting of Ci-io attyl, Ci-io fluoroaU^l, Ci-io alkyl 
substituted with J, Ci-iO fluoroalkyl substituted with J, 1-admantyl, 9-fluorenyl, phenyl, 
phenyl substituted with K, phenyl disubstituted with K, phenyl trisubstimted with K, naphtiiyl, 
naphthyl substituted with K, naphthyl disubstimted with K, naphthyl trisubstituted with K, 

30 C2-IO alkyl with an attached phenyl group, Ci-io alkyl witii two attached phenyl groups, Ci. 
10 alkyl with an attached phenyl group substituted widi K, and Ci-io alkyl witii two attached 
phenyl groups substituted widi K; 

J is selected from tiie group consisting of halogen, CCX)H, OH, CN, NO2, NH2, Ci. 
10 altoxy, Ci.io alkylamine, C2^12 dialkylanune, Ci-io alkyl-O-CO-, Ci^io alkyl*0-CO- 

35 NH-,andCi.ioalkyl.S-; 

K is selected from the group consisting of halogen, Ci.io alkyl, Ci.io peifluoroalkyl, 
Ci.io alkoxy, NO2, CN, OH, CO2H, amino, Ci.io alkylamino, C2-12 dialkylamino, Ci- 
Cio acyl, and Ci-io alkoxy-CO-, and Ci.io alkyl-S-; 
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AA is a side chain blocked or unblocked amino acid with the L configuration, D 
configuration, or no chirality at the o-carbon selected from the group consisting of alanine, 
valine, leucine, isoleucine, proline, methionine, methionine sulfoxide, phenylalanine, 
ayptophan, glycine, serine, threonine, cysteine, tyrosine, aspaiagine, glutamine, aspaitic acid, 
glutamic add, lysine, arginine. histidine, phenylglycine, beta-alanine, norleucine, norvaline. 
alpha-aminobutyric add, cpsilon-aminocapioic acid, dirumne, hydroxyprol^ 
homoargininc, saicosine. indoline 2-carboxylic acid. LazetidinecarboxyUc add. pipecoliiiic 
acid (2-pipetidine carboxylic acid), Omcthylseiine, Oethylserine. S-methylcysteine, S- 
ethylcystcine, S-benzylcystdne. NH2-CH(CH2CHEi2)-(X)OH. alpha-aminoheptanoic add. 
NH2-CH(CH2-l-napthyl)-COOH, NH2-CH(CH2-2-napthyl)-CCX)H. NH2-CH(CH2. 
cyclohexylKTOOH. NH2-CH(CH2-cyclopentyl)<:oOH, NH2-CH(CH2-cyclobutylKOOH. 
NH2-CH(ai2-cyclopropyl)-COOH, trifluoroleucine. and hexafiuoroleucine;; 

AA4 is a side chain blocked or unblocked amino acid with the L configuration. D 
configuration, orno chirality at the a-carbon sdected fiom the group consisting of leiidne, 
15 isoleudne, methionine, methioaine sulfoxide, phenylalanine, tiyptophan, glycine, serine. ' 
threonine, cysteine, tyrosine, asparagine. ghitandne. aspartic acid, glutamic add. lysine, 
aiginine, histidine, phenylglycine. beta-alanine, norieudne, norvaline, alpha-aminobutyric acid, 
epsilon-aminocaproic acid. citruUuie, hydroxyproline, ornithine, homoargininc, saroosine, 
indoline 2-cari»xylic add. 2-azetidinecarboxylic acid, pipccolinic acid (2.pipcridine carboxylic 
acid), 0-methylscrine. O-etiiylsetine. S-methyk7stdne, S-ethylcystcine, S-benzylcystcine. 
iNH2-CH(CH2CHEt2)-COOH, alpha-aminoheptandc acid, NH2-CH(CH2- l-napdiyl)-COOH. 
NH2-CH(CH2-2-mq)thyl).CXX)H. NH2.CH(C3i2.cydohcxyl)-COOH. NH2-CH(C3J2- 
cyclopentyl)-CX>OH. NH2-CH(CH2-cydobutyl)^OOH, NH2-CH(CH2-cyclopiopyl)-COOa 
trifluoroleucine, and hexafluoroleucine: 

R is selected from die group consisting of H. C1.20 alkyl. C1.20 alkyl with a phenyl 
group attadied to the C1.20 alkyl. and C1.20 alkyl with an attadied phenyl group substituted 
withK. 

16. A conqxNmd of the formula: 

Mi-AA-COO-R 
or a pharmaceutkally acc^table salt wherein 

Ml represents H, NH2.CO-. NH2-CS-. NH2-SO2-, X-NH-CO-. X2N-CO-. 
X-NH-CS-. X2N.CS-. X-NH-SO2-, X2N-SO2-. Y-CO-. X<S; X-SO2-, X-O-CO-, or X- 
0-CS-: 

X is selected from the group consisting of Cmo alkyl. Ci. 10 fluoroalkyl. Ci-io alkyl 
substimted with J. Ci-io fluoroalkyl substiuted with J, l-admantyl, 9-fluorenyl. phenyl, 
phenyl substituted with K. phenyl disubstiuted with K, phenyl trisubstituted witii K, naphUiyl. 
naphthyl substituted with K. naphthyl disubstituted witii K, naphthyl trisubstimted with K. 
Ci-io aDcyl widi an attached phenyl group, Cmo alkyl with two atiadied phenyl groups, Ci. 
10 alkyl witii an attached phenyl group substimted witii K, and Cmo alkyl witii two attached 
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phenyl groups substituted with K, Cuio alkyl with an attached phenoxy gioup, and Ci^io 
alkyl with an attached phenoxy group substituted with K on the phenoxy group; 

Y is selected from the group consisting of C6-10 alkyl, Ci-io fluoroalkyl, Ci-io alkyl 
substituted witfi J, Ci-io fluoroalkyl substituted widi J. l-admantyl, 9-fluorcnyl, phenyl 
5 substituted with phenyl disubstituted with K, phenyl trisubstituted with K, naphthyU 

naphthyl siibstioited with K, naphthyl disubsdtuted with K, naphthyl trisubstituted with Ci. 
10 alkyl with an attached phenyl group, Ci-io alkyl widi two attached phenyl groups, Ci-io 
all^l with an attached phrayl group substituted with K, and Ci-io all^l with two attached 
phenyl groups substituted with K; 

10 J is selected ftom the group consisting of halogen, COOH, OH, CN, NO2, NH2, Ci- 

10 alkoxy, Cuo alkylamine, C2-12 diallylamine. Cuo allgrl-O-CO-, Ci-io iSkyl-CXXy- 
NH-, andCi.ioalkyl-S-; 

K is selected from the group consisting of halogen, Ci.io alkyl, Cj.io perfluoroalkyl, 
Ci.io alkoxy, NO2, CN, OH, CO2H, amino, Ci.io alkylamino, C2.12 dialkylamino. Ci- 

15 Cio acyl, and Cj.iq alkoxy-CO-, and Ci.io alkyl-S-; 

AA is a side chain blocked or unblocked amino acid widi the L configuration, D 
configuration, or no chirali^ at the a-carbon selected from the group consisting of alanine, 
valine, leucine, isoleucine, proline, methionine, methionine sulfoxide, phenylalanine^ 
tryptophan, glycine, serine, threonine, cysteine, tyrosine, asparaginc, glutamine, aspartic acid, 

20 glutamic acid, lysine, arginine, histidine, phcnylglycine, beta-alanine, nodeucine, norvaline, 
alpha-aminobuQ^c acid, epsilon-aminocaproic acid, citrulline, hydroxyproline, ornithine, 
homoaiginine, sarcosine, indoline 2-carboxylic acid, 2-azetidinecarboxylic acid, pipecolinic 
acid (2-piperidine carboxylic acid), O-mediylserine, O-etbylserine, S-methylcysteine, S- 
ethylcysteine, S-ben^lcysteine, NH2-CH(CH2CHEt2)-COOH, alpha-aminoheptanoic add, 

25 NH2-CH(CH2-I-napthyl)-COOH, NH2-CH(C3l2-2.naptiiyl>COOH, NH2-CH(C3i2- 

cyclohexyl)-COOH, NH2-CH(CH2-cydopcntyl)-COOH, NH2-CH(C3l2-cyclobutyl)-COOH, 
NH2-CH(C3l2-cyclopropyl)-COOR trifluoroleucine, and hexafluoroleucine; 

R is selected ftom the group consisting of H, C1.20 a^l» C 1.20 alkyl with a phenyl 
group attached to the C1.20 aUq^U and C1.20 alkyl with an attached phenyl group substituted 
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riaiffls 1-16 read on a diversity of distinct inventions depending 
upon the structure of the compounds being claims. In general the 
claims read on compounds of the formula 

M-(AA),-CO-R. 

Distinct inventions are represented bv compounds of 

A. Groups I-XXTI wherein n=l, R=NR,Rj. AA is a heterocyclic 

aoiino acid and 

I. M is hvdrogen. 
ri . M is X:-N-CG- 'tm^lf I is H sr icyclic m ? ;^ -^r V . 

Ill . M is " '••'"^f^^i^ «* ^ ^ "'"^'^ '' ''' 

r 383 5 is 't: , 

TV . M is " ■»'i«'rei!! >4sc t is KiOf«q?l isi irb«r I li !l«c«a?l :r u 4e!iari 1: ^fH?5 

M Is " --Vfterei!! 5- leis: im 1 1= 3f?l or tfjl sibscitnei liiyi 4a<i the otter i Is uyl :r iryl 
' * * ' sobsVitttld ilm Of 3s idmi k ur^ws J. IT er HI sua is -3 ?• , 



VI. M is 



or arvJoxv sabsrliaifed siiyl a: 55 hlim is Smps I. ::: or I* iaJ 5 is D r , 



VII. M is X2-N-SO2- Vaefels 1 13 5 ')f iqcilc' , 
VIII .Mis - -rtewift «^ ^^^^ ^ '"^ '^^ ^ " ''''^^^ 



IX- M is 
X. M is 
XI. M is 



I or IV f 

•laer-ia n Itf-s*- Jae 1 :i ir/; or uyi sibstUUd '-taer ! U iryl 

jr?} SttbsiitfiUj 3]iyj or js iefiaei Jb Sroijs 1. 1: or III- . 

•rtweia it -easi *v I is iryioxi uyioxy snbstiUtM lUyl \jA tie ot^.^r ! 
arylfixy or iryioxv sabstUaUi aiiyl or as isfised ia droops 1. 11. HI ?: IV # 
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aIT . M is X-CG- -fiMfe:?. 1 i v>f iqd^ m \i : vr :'• . 

XIII .Mis " '/'«*r?ip J ;? iiurxf: in S is or S- , 

XIV. Mis " 'J-r-l'! I Is ::%-if95j; ?M ^ n Of , 

XV. Mis " 'Mhmlt I is ztil 'if ;ry} isbsritoud asol 355 5 it •} r , 
XVI .Mis " . •:?r^i!i 1 1: ir»i')n :f ifif' )xi ^i-ibsci-^fH ulil i5i » is ; or ;' . 
XVII. M is X-SOj- 'mrt-ij i 5 ti.' , 
X\'III .Mis " imreis ! is mull' f 
XIX. M is " -iiiereiB 1 U fliores?!- , 

XX. M is " wr»ip i is an: or jry: Stthtiliilsd aUyl- , 
XXI . M is " -Mereia I Is iryloxj -rr k}1oii i«siit?'.*< iikjl • , 
XXII. M is X-O-CG- frterei? ! is 5 or 3cjclic 30« 5 is •} or r , 
XXIII. M is " Nhreio lis itofi 43i ^: is ? or 5' , 
XXIV. Mis " Imrm I '5 fjaoreey} an^ 6 li 5 ar 5- . 

XXV. M is •* •ii€feiii I U irji -ir uvi «5siiii»:*^i aUy! 123 5 is 0 or S) , 
XX\^I .Mis fniereifl i is afjfioxy 3f aryjsxj ssbsiitaUi -ilyj isj G is 0 or S' , 

B. Groups XXVII-LII whereia n=l, RsNR^Rj , AA is an aromatic 
amino acid and M is as defined in Groups T-XXVI respectively. 

C. Groups LIIT-LXX\'III wherein n=l , R=>JR;jRj , AA is a cyclic 
amino acid and M is as defined in Groups I-XXVI respectively. 

D. Groups LXXIX-CIV wherein n=l, R^NR^Rj, AA is an acyclic 
amino acid and M is as defined in Groups I-XXVI respectively, 

E. Groups CV-CXXX wherein n=2r R=NR3Rp at least one AA Is a 
heterocyclic amino acid and M is as defined in Groui)s I-XXVI 
respectively, 
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F. Groups CXXXI-CLVI wherein n=2. R=NR,R., at least one AA is 
an aromatic amino acid and the other AA's are not heterocyclic and 
M Is as defined In Groups T-XXVI respectively, 

G. Groups CLVIT-CLXXXII wherein n=2, R=NR^R4, at least one AA 
is a cyclic amino acid and the other AA's are not heterocyclic or 
aromatic and M is as defined in Groups I-XXVI respectively, 

H. Groups CLXXXITI-CCVTII ^.herein n=2. R=NRiRj. AA is an 
acyclic amino acid and the other AA is not heterocyclic, aromatic 
or cyclic and M is as defined in Groups I-XXVI respectively, 

r. Groups CCIX-CCXXXIV wherein n=3, R^NR-sRj, at least one AA 
is a heterocyclic amino acid and M is as defined in Groups T-XX\-T 
respectively , 

J. Groups CCXXXV-CCLX wherein n=3, R=NRiRi, at least one AA is 
an aromatic amino acjd and the other AA's are not heterocyclic and 
M is as defined in Groups T-XXVI respectively, 

K. Groups CCLXI-CCLXXXVI wherein n=3, R^NR^R,, at least one AA 
is a cyclic amino acid and the other AA's are not heterocyclic or 
aromatic and M is as defined in Groups I-XXVI respectively, 

L. Groups CCLXXXVII-CCCXII wherein n=3, R^NRjRj, at least one 
AA is an acyclic amino acid and the other AA's are not 
heterocyclic, aromatic or cyclic and M is as defined in Groups I- 
XXVI respectively, 

M. Groups CCCXIII-CCCXXXVITI wherein n=4, R=NRjRi, at least one 
AA is a heterocyclic amino acid and M is as defined in Groups I- 
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XXVI respectively, 

N. Groups CCCXXXIX-CCCLXIV wherein n=4, R=NRiR:, at least one 
AA is an aromatic amino acid and the other AA's are not 
heterocyclic and M is as defined in Groups I-XXVI respectively, 

0. Groups CCCXLV-CCCXC wherein n=4, R=NRiRi, at least one AA 
is a cyclic amino acid and the other AA's are not heterocyclic or 
aromatic and M Is as defined in Groups I-XXVI respectively, 

P. Groups CCCXCI-CMXVI wherein n=4, R-NR^R., at least one AA 
is an acyclic amino acid and the other AA's are not heterocyclic, 
aromatic or cyclic and M is as defined in Groups I-XXVI 
respectively, 

Q. Groups CMXVII-CMXLII wherein n=l, R = -OH or an ester 
moiety, AA is a heterocyclic amino acid and M is as defined in 
Groups I-XXVI respectively, 

R. Groups CMXLIII-CMLXVIII wherein n=l, R = -OH or an ester 
moiety, AA is an aromatic amino acid and M is as defined in Groups 
T-XXVI respectively, 

S. Groups CMLXIX-CMXCIV wherein n=l, R = -OH or an ester 
moiety, AA is a cyclic amino acid and M is as defined in Groups I- 
XXVI respectively, 

T. Groups CMXCV-MXX wherein n=l, R = -OH or an ester moiety, 
AA is an acyclic amino acid and M is as defined in Groups I-XX\"I 
respectively , 

U. Groups MXXI-MXLVI wherein n=2, R = -OH or an ester moiety. 
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at least one AA is a heterocvolic amino acid and M Is as defined in 
Groups I-XS\'I respectively, 

V. Groups MXLVII-MLXXII wherein n=2, R = -OH or an ester 
moiety, at least orje AA is an aromatic amino acid and the other 
AA'a are not heterocyclic and M is as defined in Groups I-XXVI 
respectively, 

W. Groups MLXXTTT-MXCVIII wherein n=2, R = -OH or an ester 
moiety, at least one AA is a cyclic amino acid and the other AA*s 
are not heterocyclic or aromatic and M is as defined in Groups I- 
XXVI respectively, 

X. Groups MXCIX-MCXXIV wherein n=2, R = -OH or an ester 
moiety, AA is an acyclic amino acid and the other AA is not 
heterocyclic, aromatic or cyclic and M is as defined in Groups I- 
XXVI respectively, 

Y. Groups MCXXV-MCL wherein n=3, R = -OH or an ester moiety, 
at least one AA is a heterocyclic amino acid and M is as defined in 
Groups I-XXVI respectively, 

Z. Groups MCLI-MCLXX\-I wherein n=3, R = -OH or an ester 
moiety, at least one AA is an aromatic amino acid and the other 
AA's are not heterocyclic and M is as defined in Groups I-XXVT 
respectively, 

AA. Groups MCLXXVII-MCCII wherein n=3, R = -OH or an ester 
moiety, at least one AA is a cyclic amino acid and the other AA's 
are not heterocyclic or aromatic and M is as defined in Groups I- 
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XXVI respectively, 

BB. Groups MCCIII-MCCXXVIII wherein n=3, R = -OH or an ester 
moiety, at least one AA is an acyclic amino acid and the other AA's 
are not heterocyclic, aromatic or cyclic and M is as defined in 
Groups T-XXVI respectively, 

CC. Groups MCCXXIX-MCCLIV wherein n=4, R = -OH or an ester 
moiety, at least one AA is a heterocyclic amino acid and M is as 
defined in Groups I-XXVI respectively, 

DD. Groups MCCLV-MCCLXXX wherein n-4, R = -OH or an ester 
moiety, at least one AA is an aromatic amino acid and the other 
AA's are not heterocyclic and M is as defined in Groups I-XXVI 
respectively, 

EE. Groups MCCLXXXI-MCCCVI wherein n=4, R = -OH or an ester 
moiety, at least one AA is a cyclic amino acid and the other AA's 
are not heterocyclic or aromatic and M is as defined in Groups I- 
XXVI respectively, 

FF. Groups MCCCVII-MCCCXXXII wherein n=4, R = -OH or an ester 
moiety, at least one AA Is an acyclic amino acid and the other AA's 
are not heterocyclic, aromatic or cyclic and M is as defined in 
Groups I-XXVI respectively. 

As set forth above, Group I is not the first appearing 
invention. The above order was used to set forth the distinct 
inventions in a systematic way and not in the order that the 
inventions appear in the claims. The first appearing invention in 
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claim 1 would correspond to the compounds wherein n=2. RsNRjR^. at 
least one AA Is an acyclic amino acid and the other AA's are not 
heterocyclic, aromatic or cyclic and M is hydrogen which are 
compounds falling with Group CLXXXIII. The International search 
has been established on this invention. 
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